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THE Ds LOCUS, PART III, TRANSPO3SITION OF THE Ds 1.0CU3

1, Introduction

Transnosition of the Ds locus is a relatively frecuent
phenomenon, In the report on the origin and behavior of the c-ml
locus, it was shown that c-ml arose from a normal C locus as the
consequence of a transposition of a Ds locus from its standard
loeation in chromosome 9 to a position close to or within the C
locus,., The presence of the transposed Ds locus did not produce
any alteration in the appearance of the chromosome in the resion
where it had been inserted, nor did its nresence cause any reducs
tion in crossing-over between C and Sh, In this new location, Ds
responded to Ac in exactly the same way that it responds to ac
when in ite standard loocation. The relation of this resnonse to
the produoction of visible mutations of c-ml to C was discussed in
the earlier report, The study of c-ml mutational phenomena
sugiested that the Ac-controlled mutadble loel arise because of
transpositions of the Ds locus, 3ince these transpositions are
relatively frequent, it may readily be understood why s0 many new
Ac-ocontrolled mutadble locl are arising in the D3, Ac plants and
why previously stable "wild-~type” locl "suddenly”™ become unstable
and mutable,

“ecause transpositions of Ds are related to the origin of
mutable loci, 1t 1s o7 prime importance to determinc the mechanism
responsible for this transposition, How docs 1t ocour and why
does it ocour with such relatively high frecuencies? in extensive

analysis of one case of transvosliion of Ds has indicated the
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probable mechanism that brings about thls transposition, The
analysis also suggests the reason why these transpositions are
80 frequent, This case of tranasposition of Ds will be considered

in detail 1n this report,

2, The origin of transposed De, Case I

The first recognized case of transoogition of Ds arose in the
oross of a plant (4108C-1) having the constitution wd I Sh 2z Wx Ds
in one normal chromosome ¢ and 74 C sh bz wx 43 in a normal homologous
chromosome 9, This plant was heterozygous for ic (Ae ac), The
tynes of Kernels resulting from the cross of thls plant to a female
plant carrying C sh bz wx ds ac are given in table 1. (The male
parent plant (4108Cel) arose from an I - © bz, 3h - sh, «x=-wx kernel
on an ear coming from the cross of a ¢ sh bz wx ds ac female plant
by an Ac ac male plant having two normal chromosomes ¢ with
4#d C oh Bz 4x Ds and wd I Sh Bz «x ds, respectively. The kernel
from which plant 4108C-l arose was selected becuuse 1+ had received
an I Sh Bz #ix Ds chromosome, The Ds locus was introduced into this
chromosome as a consequence of crossing-over in the néterozygous
male parent,) As table 1 shows, with the exception of two aberrant
kernels, the types of kernels and the ratios obtained are those
exnected on the basis of the above glven constitutlon of this plant.
+“hen this plant was crossed to a ¢ sh 32 wx ds oc female plant,
the types of kernels appearing on the ear are those given in table 2,
The ratlos of the varlous types of kernels obtained in this cross
likxewise asree with the given senlc constitution of the male parent
plant (4108C-1; see sunplement to table 2)., In both crosses,

the variegation in those kernels having both Ds and Ac is of the



Table 1
Types of kernels appearing on ear from cross of

C sh bz wx ds ac ¢ x 1 Sh Bz ¥x Ds ie ac d
C sh bz wx ds

Plant 4108C~1

Kernel type Number of kernels

I«C bz, Sh¥%, Wxewx 87

I gh vx 59

C sh bz wx ' 128

I sh wx 5

C Bz-C bz, Sh,Wx-wx 5

C Sh Bz ix 2

I Sh wx b2

C Bz=~C bz, sh iix-wx 0

C sh Bz Wx 1

C sh bz, ixewx 28

C sh bg Wx 31

I-C Bg~C bz, ¥h, Wx-wx 1 Origin of Plant 4206

I-C‘Bz;éﬁ ixvrvww”WM 1 Not tested
Totals 364

# The Shesh variegation will not be indicanted in the tatble.
It may be understoocd to be present,



Supplement to Table 1
Types of chromatids produced by plant 4108C«l and appearance of
kernel in tabdble 1

I a 3 L §
1l 8h Bz Hx Ds

Ag ac

C sh bz , Mx ds

Appearance of kernel

Ac J1-C Q;lgh-shsﬁxwwx 57

Non Cross-over I 3h B:}z #ix Ds:
chromatids ac I Sh Wx

C sh bz wx 48 Ac¢c and ac C sh bz wx

Region 1 I sh bz wx ds ic and ao I sh wx 5
. Ac C Bz~C bz,Shash,Wx-wx b
C 8h Bz Wx Ds
N ae ¢ Sh Bg #x £
Region 2 I Sh bz wx de 4Ac and ao I Sh wx
- Ae C Bz«C bz sh ix-wx 0
C sh Bz #x Ds -
N ae ¢ sh Bz ix 1
Reglon 3 I Sh Bz wx ds a6 and ac I Sh wx
- Al C_sh bz ix-wx 28
C 8h bz vWx Ds
~ ae C sh bz #x 31
Reglion 4 I 8h Bz ix ds Ac and ao I 8h Wix
C sh bz wx Ds Ac and ao C sh bz wx

Observed double croas-over, Reglons 2 and 3:-1 C sh Bz wx non~variegated

0dd clnsses = 2, Zee Table 1.



Table 2

Types of kernels appearing on ear from c¢ross of

¢ sh Bz wx ds ac ¢ X 1 3h Bz ¥x Ds AC ac J

C sh bz wx ds
Plant 4108C=1

Kérnel type Number of kernels
I-C Bz, Sh*% Wxewx 41
I sh ix é8
C sh wx 86
I sh wx 4
Cwe,Sh Wxewx 3
C 8h ¥ix 1
I 3h wx 48
C=0, 8h,\/x=wx 14
C sh ix 24
1 sh dx 1l

Totals 280

162 I 3 128 ¢C
152 wWx : 138 wx

* fThe Shesh variegation will not be indiocated 1n the table
but may be understood to be present,



Supplement to Table 2

Chromatids produced by plant 4108C-1 and appearance of kernels:

Sh Wx Ds
Cross=-over regions tested:
gh wx ds
R
2 3
Cross-over 1t Resuld ing Critlical
region Constitutions of J gnmetes kernel type Kernels
AGC I=¢ 3h dx=wx 41
' I 8h Wx Ds -
™~  ae¢ I 3h ux
None=crossovers
sh wx ds Ao and ao C sh wx
sh wx 40 and ac I sh wx 4
Region 1
__ Ao Cee¢ Sh dx-wx 3
3h #x Ds
N ae ¢ 8h wWx 1l
3h wx 4s Ao and ac I 3h wx 48
Region 2
Y. C~0 sh Jdx-wx 14
sh Wx Ds
. ao C sh Ax 24
5h @éx ds Ag and ac I 3h 4x
Region 3
AQ C=c 8h wx 0
sh wx Ds —
N ae C sh wx

Reglons ) and 2

11 sh 4x (Ds aec),
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type exnected when 8 Ds locus 1s at its standard position in the

I 3h Bz #x chromosome, The Ds mutations gave rilse to C s8h bz wx
seotors {table 1) or ¢ sh wx sectors (table 2)., Also, the position
of thls Ds locus is obvious from the types and frecuencies of
recovered crosse-over chromatids shown in tables 1 and 2. There can
be no doubt that in plant 4108C~1, Ds was located %o the right of
AX,~=at 1ts standard loocation in the wd I Sh Bz ./x chromosomne,

One of the two exceptional kernels listed in table 1 showed a
type of variegation that would not arise from an I Sh Bz 4x Ds order
of genes, In this kernel, many chromosorne breaks of the s muta-
tional type had ocourred, but the position of the breaks was just
to the right of the I locus insteasd of to the right of the . x loecus,
These breaks gave rise to cells In which the I locus was eliminated
but the Sh Bz and Jx loci were retained, Following such a Ds
mutation, o dicentric chromatid was formed that had Sh Bz and x
in the short arms of the two terminally fused chromatids (the dicentrie
chromatid),. Continued breakage~fusion-bridge cycles resulted in
successive deletlions of these loci in somc of the descendent cells,
Consecuently, within the C Bz Wx sector subesectors of bzughdrgi were
present, inother type of varlesation was also present bug the
descrintion of the variegantion type2s will be postponed until lster
Wwhen correlations of the senic organization of this chromosome with
the variezation patterns can loglcally be derived.

The aberrant kernel was planted in the greenhouse in the winter
of 1947-48, No cytological examination was made of the plant arising
from this kernel for fear of injury, Secause the plant was very
early in maturing and because no other plants were svalledble for

crossing, only a self-pollination of tnis nlent was possible, The
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types of kernmels appearing on this self-nollinated ear are given in
table 3, The chromosomal and genlc constitution of the aberrant
chromosome 2 carrying I Sh 32 #x In this nlant has been determined
from an analysis of the plants arising from the kernels on this
self-pollinated ear, This analysis makes the types of kernels that
appeared on the sar readily interpretasble, 7lecsuse the kernels are
quite different from those arisin- in nrevious estudies, a sunnlementary
analysis giving the chromatids that could “e produced during melosls
in tris »lant and the tynes of gametes that will result accompanies
table 3, Thie plant had a normal chromosome 9 carrying ¢ ds sh bz wx d4s
wos tannd
and a Duplication chromosome 9 with wd =anad I}aad 3h Bz ﬁxAin each of
the two duplicated segments (see dlagram, table 3 supplement),
3ynapsis between the two chromosomes 9 usually occurs as siven In the
dlagran and the crossover percentases between the marked loel are
not reduced, as the genetlc analyslis of the Fp plants that were
heterozygous for this duplication will show, The "ds" desicnation
is meanincless with respect to the presence of any trus zllelic locid
It has heen ilnserted to make the constitutions easler to read at a
glance, Boenuse of the many possible classes of crossover chromatlds
that could arise in this plant, only the single crossovers between
the two chromosomes 9 following synapsis of the distal dupliecated
segment in the Dunlication chromosome 9 with its homologous segment
in the normal chromosome & are given In the supplement to table 3,
Double crossovers in the reglon between C and wx are relatively rare
and will be neglected at this polnt in the discussion, The sincle
erossovers, however, are freouent and are most Important in interpreting
the constitutions of the observed types of kernels. «lthoush it was

realized from the tynes of kernels on the self-pollinated ear that



Table 3

[ g P2
Types of kernels appearing on selt-pollinaﬁggnﬁof Plant 4306

wd I Ds Sh Bz Ax Wx Bz Sh Ds”

Constitution: g —— -

5.

Wa__C ds sh bz wx 4s

At ac

I kernels C kernels
I 8h ¥Wx 81 C Sh Bz ¥x 4
1 Sh #x-wx é C Bz~C bz, Sh-sh, Wx-wx 3
I~C Bz=C bz, She~sh, Wx-wx 73 C sh bz wx 89
I« Bz, Sh Wx
I Sh wx 4 Total : 274
I-C Bz~C bz, Sh~sh, wx 10 178 I: 96 C
I sh wx 2 168 Wx : 1086 wx

I bz~C bz, sh wx 1




Supplement to Table 3

Types of chromatids produced by plant 4306. Nonecrossover and single cross-over

chromatids resulting from the usual type of synapsis. The expected appearance of

the kernel if combined with a C sh bz wx ds chromosome in Ac ac ac or ac ac ac
constitution

v

o T
‘ A} ¥ "l 'l 'l \}' NN
g ID ax Zile*

e

}"EWMWWMEW&—;sh bz wx 48 B
Z Appearance of kernel
‘Chromatlds
‘ ‘ » AS I«C BzeC bz, Sh, Wx-wx
Non-crossovers I De Sh Bz #x #x Bz Sh Ds g
Duplication ac I Sh #x
C ds sh b2 wx 435 Ae¢ and ac C s8h bz wx
normal
I ds sh bz wx ds Ae¢ and sc I sh wx
normal
Region 1 ' .~ Ac C Bz-C bz, 3h, Wx-wx
c DaStha’x‘e’?szSth\
Duplication ac C Sh Bz Wx
\ Ac I bz=C bz,sh wx
Region 2 I Ds sh bz wx ds —
normal ™~ ae I sh wx
Ac C Bz-C bz, Sh, Wx-wx

C ds Sh Bz Wx Wx Bz 5h Ds
Duplication ac

2

Sh Bz #x




Supplement to Table 3 continued

A

. _ Ao I bz~C bz, 3h wx
Region 3 I Ds Sh bz wx ds
normal N ae I Sh wx
. Ao C Bz~C bz, Sh, Wx-wx
C ds sh Bz Wx Wx Bz Sh Ds ~
Duplication N ag C Sh Bz Wx
. Ao I-C Bx=C bz, Sh wx
I Ds 3h Bz wx ds N
Region 4 normal ac I 3h wx
L., AeC C Bz~C bz, Sh, Wx-wx
C ds sh bz #x Wx Bz Sh D“i
Duplication ac € 8h Bz Wx
\ - Ae I«C Bz~C bz, Sh, Wx-wx
I Ds 3h Bg Wx ds
Region 5 normal N ae I Sh Wx
L AC C Bz-C bz, Sh, Wx-wx
C ds sh bz wx #x Bz Sh Ds(
Duplication ac C Sh Bz @x
Reglon a ) 1 Ac I-C Bz=~C bz, 3Sh, Wx-wx
Not considered Wa I Ds 3h Bz #x ¥x Bz Sh Ds
in table Duplication N ae I Sh wx
wd C ds sh bz wx ds Ae¢ and ac 2 sh bz wx

normal
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(1) a D8 locus had been transposed just to the right of the I locus
and that (2) some chromosomal aberration involving the region to
the right of the I locus had likewise occurred, the exact nature of
the averration was not clearly understood from the analysis of thils
eaT alone,

To obtain exact information on the aberration that oeccurred and
its possidle relation to a transposition of Da, some of the kernels
in the various classes represented in table 3 were planted in the
summer of 1948 under culture number 4628, With respect to Wd or wd
and Bz or bz, the types of plants arising from these various classes

of kernels are given in tadble 4,

3, Cytologiocal examination of plants in culture 4628,

Cytological examination was made of a number of plaents in the
various subeclasses of culture 4628, The sporocytes in some of these
plants gave very poor figures, Those in which the constitution of
ohromosome 9 wes clear and readily analyzabdble are summarized in
table 5, In subecultures D and E, the majority of plants probably
had the same genic as well as chromosomal constitution as the mother
plant, 4ll the examined plants had one normal chromosome 9 and a
chromosome 9 with a duplication of a mid~segment of the short arm,
This duplicated segment was inserted into the short arm, Homologous
synaptic association of the short arm of the normal chromosome 9 with
the short arm of the Duplication chromosome 9 usually occurred slong
the distal two~thirds of the arm, & loop configuration iIn the
Duplication chromosomes 9 was present, Its position varied in the
different sporocytes but it was usually close to or within the deep~

staining recion adjacent to the centromere, None of this proximal



Tabdble 4

Appearance of plants in culture 4628 obtained from selected grmwrra—nf kernels on self-
pollinated ear of plant 4306 (table 3)

Sub-culture Appearance of Xernel Tumber of
desig~ in each sub=culture kernels Appearag:gmo§e¥;2§:s ariaing
natlons from which plants arose planted
A I-C Bz, Sh Wx 1 0 No shoot developed; onl “roots
B 1 Sh ¥xewx 2 2 white seedlings (wd/wd)
c I Sh Wx 20 17 %4, Bz : 1 white : 2 no zermination
D J-C Bz-~C bz, Sh-sh, WX wx 15 15 w#a, Bz
{Many C bz wx areas)
E 1-C Bz-C Bz, 3h-sh, ¥x-wx 10 8 WwWd, Bz : 1 white : 1 no germination
(Pew C bz wx areas)
¥ I shwx 2 2 #4, Bz
G I-C Bz«C bz, Sh-sh, wx 3 3 wWd, Bz
(any C bz areaas
(Pew C bz areas)
I I sh wx 2 2 #a, bz
J I bz-C bz, sh wx 1 1l #d; dled in seedling stage
K C 8h Bz ¥Wx 2 2 Wa, Bz
L C Bz~C bz, Shesh, Wx~wx 2 2 dd, Bz
M C sh bz wx 20 6 dd, bz




Table 8
Constitutions of chromosomes 9 in plants of culture 4628 based

upon examination of sporod:ytes at pachytene.

Plant Number Constitution of chromosomes © Constitution of

in examined plant plant from pollen
examination

4628C~ 9 2 Duplicationg chromosomes Ax dx

4628C=17 1 Dupliocation cwroweosomed Ax WX
]l Normal . *

4628D=10 1 Dupliocation w o ix wx
1 Normsal} - .

4628D-11 1 Dunlieation " “ Ax wx
1 Normal - "

4628D=12 1 Dupliecation ¥x wx
1 Normal

4628E~ 8 1 Dupliocation Ax wx
1 Normal

4628F~ 1 2 Normal ' WX WX

46268F- B £ Normal WX WX

4828G- 1 £ Normal WX WX

4628G~ £ 2 Normal WX WX

4628H~ 1 2 Normal wx wx

46288~ 2 2 Normal wxX wX

46281~ .1 1l Dupliocation Hx wx
1 Rormal
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deep-gtainins re:ion, however, was included in the dupliocated
segment ,

Plant 4628C-9 was homozygous for the chromosome 9 with the
duplication. 7y comparative measurements of the short and long
arms of chromosome 9 in this plant and from the appearance of the
chromomeres within this arm, it was apparent that the duplieation
was composed of a segment approximately ecuivalent in length to a
third of the normal short arm, It was composed only of the smaller
chromomeres characteristic of the distal twoe-thirds of the normal
short arm., It was concluded (1) from the chromomere constitution
in the plant homozygous for this duplication, (2) from the synaptic
phenomena in the heterozygous plants and (3) from the genic and
chromosomal constitutions of the Pp populatlon that the duplicated
segment was composed of a seciion of the middle of the short arm of
chromosome 9 and of a length approximately one-third of this arm,
This segment hed been inserted into a normal short arm, This may be

diagrammed, without reference to order of genes, as follows:

Normal chromosome @ short arms .
v 9- 3 er \,4,4{" o ang

- e e — ,.‘-_ — e e _‘-_‘,A.i- e .. -y e Q.;w%mm;.

Duplication chromosome 9
?ﬁcrt arm: 2 3¢ } am&hwﬁﬁ

e o R e ". — e — — \-_“ ’ D‘ i .

PN

Plant 462811, arising from a kernel having a cross-over ik
chromatid, was heterozysous for the Duplication chromosome 9.
Synaptle behavior between the normal and the Duplication chromosome
9 was similar to that described for the heterozysous plants in

sub-cultures D and E, The plantes in sub-cultures ¥, G and H, on
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the other hand, had two morphologically normal chromosomes 9, XNo
abnormalities of any kind could be seen in the chromosomes 9 of
these plants., In all of these plants, however, the I, Ds, Sh and
Bz loci in the normal chromosome 9% had originally been loosted in
the Duplication chromosome 9 of the mother plant,

A genetic asnelysis of the plants of culture 4828 has made 1t
possible to state (1) the genic composition of the two identical
segments in the Duplication chromosome 9, (2) the order of the genes
in each sesment and (3) the probable event that occurred in a cell
of plant 41080-} whioch produced the duplication and the transposition
of a D8 locus from its stendard position to a position immedimtely
to the right of the I locus, The purpose of the following deseription

is to give the evidence that allows these conclusions to be drawn,

4, The genetlc analysis of the plants In culture 4628, (a), Sub=-

culture C.

Pollen examinations were made of a number of plants of culture
4628 (table 6), This was particularly important in subeculture C in
order to select those plants that could be expected to be homozygous
for the Duplication chromosome 9., These plants should be i#x ¥Wx.
Only 3 Wx Wx plants were present in this sub-culture, Because plant
C=9, a #ix Wx plant, had also been examined cytologically, it was
selected for tests to determine the types of variegation patterns that
the Ds locil in the Duplication chromosomes ¢ would produce, This

plant was crogsed to the following female plants:



Table 6

#x and wx constitutions in plants of culture 4628 based on

pollen examination

Subegulture #x WX* Wx wx wx wx Appearance of kernels from
whioch plant arose

M

c 3 14 0 I 8h vx
D 0 3 0 I «C Bz -~ C bz, Shesh, Hx=wx
E 0 1l 0 I «~C Bz -~ C bz, Shesh, ixewx
(Lew C bz areas)
r 0 0 2 I 8h wx
G 0 0 3 I1-C Bz ~C bz, Shesh, -Wx
B 0 0 2 I « C Bz, Shesh, wx
(few C bz areas)
I 0 0 2 I sh wx
K 0 2 ¢ C 8h Bz wx
L 0 2 0 C Bz -« C bz, Shesh, ix-wx

* All 3 plants had a few, small, partially filled wx staining
pollen grains, This 1s to be expected from Na2 mutetions (see
Annual Report, 1948),
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(1) ¢ sh bz wx ds, ac ac

(2) C sh bz wx ds, Ac ao

(3) ¢ sh Bz wx ds, ac¢ ac

(4) C 8h Bz wx Ds / C 3h Bz wx Ds, Ac Ac
(5) C Sh Bz wx Qs/ C Sh Bz wx Ds, ac ac

#hen crossed to C sh bz wx ds ac female plamts, two types of
kernels appeared on the ears in equal ratios, One was I 3h wx
and non-variegated, The other tyne of kernel was variezated (table
7-a), All these variegated kernels had sestors that had lost the
I locus, ifany of the sectors were C Bz Wx in phenotype but within
the sector varlagetion for C bz was present, These C bz areag were
all wx, Within the C Bz sectors there were often large wx areas
that were definitely Bz and not bz, This 1s important, as will be
indicated later. There were also some C bz wx sectors, not within
or assoclated with the C Bz sectors, It was evident that two types
of events were occurring in these kernels, 3Both involved loss of
the 1 locus but one gave the C Bz #x sectors with C bz wx and Bz wx
areas within them and one gave C bz wx seoctors directly, Murther
analysls has made 1t clear that these two sevarate types of varie-
gation are associated with the presence of two Ds loci in the
Duplication chromosome 9, one (Dsl) located Just to the right of
the I locus and one (Ds®) located to the right of the proximal
dunlicated segment. A De? mutation aceounts for the appearance of
the independent C bz wx sectors; a ped mutation gives rise to the

C Bz #x sectors with a secondary type of warlegation within them,

as described above; (QM \"é- W'Qﬁm"‘&” &“"‘M {fuo@ctp CL%&QM
fotlousing 0 (ewualion o) tho diesulini dlowialid &
mxam ).



Table 7-a

1 P v&v .
C sh bz wx ds ac 9§ x &£.28 Sh Bz 7x ¥x Bz Sh ps? A0 ac &
I Dsl 3h Bz #4x Fx Bz Sh Dag

Plant 4628C~9

Kernel types

Cross I sh #x I-C Ba~C bz; Shesh, ix-wx*
4361-56 x 4628C-9 222 212
4363-10 x " " 18 1é
4362C-6 x " " B73 236

Totals 513 484

* See text for accurate desoription of veriegation.



Table 7=-b

¢ sh Dz wx dms ac ¢ x 4628C-9 o

Kernel types

Colorless
Cross Ggiqﬁiesa Sh-sh
WX=WX

4347=19 x 4628C-9 180 la¢




Table 7«c

C sh bz wx ds, Ac ac 9 x 4628C~0

s“a&\/
not obviously N Odds
variegated Speckled A¢ ac ae
{Ae Ac Ac and (Ac aAc ac) type
ac ac ac)
4462C~-11 x 4628C-9 190 121 140 /-
X
4462c-1 x " " 171 115 110 1 ¢ sh Bz Wx
non-varie-
gated
Totats 36l &3 _ &50

% Some of the kernels in this ocolumn have a few small C areas or a

few specks of C.

? T iy LR Y g -
EN Qﬁi{w4$rwihiﬂﬁ SR 12~§?r%\QUA%MﬁVJy1%{—

Qui Z o0 e e b 3
u éa‘ A5 \'



Table 7-d

C Sh Bswx Ds / C 3h Bz wx Ds, Ac Ac § X 4626C-9 d

1 Wx I-C, #x-wx 'I-C, Wx-wx

Cross not obviously
variai;—ated Ac Ac ac type i¢ ac as X
4380B-6 x 4628C-9 25 36 B |

!
'

e
¥ S tpal n De Jeus o ouplau el (s W%Z
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The evidence obteined from this cross alone is not sufflclent to
establish thg:§:§:titutions of the chromosomes 2 in this plant
(4628C~9) as given in table 7-a, The analysls of the other plants
in culture 4628 allows théfgggﬁtitutions of the chromosomes 9 in
this plant to be designated with a high degree of certainty, The
constitution of the Dupliocation chromosomes 9 are, then:

I psl Sh Bz #x Wx Bz Sh Ds®,

That no C locus was present in the duplication chromoscme 9
was indicated from the oross of 4688C-3 to ¢ sh Bz wx ds ac female
plants (table 7-b), All of the kernels resulting from this cross
were colorless, NO colored spots Or areas were seen in any of then,
Half of them, however, were ./x - wx variegated, as expected, If a
C locus had been present to the right of Dsl, then its presence
should have been detected in the #x « wx variegated kernels on this
ear, It seems reasonable to conclude, therefore, that no C locus
was present in the Duplication chromosome 9, That none should be
present willl be indicated when the projected event that gave rise
to the duplication is digcussed,

Plant 4688C~9 was crossed to a C sh bz wx ds, Ac ac female
plant, table 7=¢, If plant 4628C«9 were ac ac in constitution, as
the evidence in tables 7-a and 7-b indlcate, the endosperm constle
tutions of the kernels represented in tadble 7«0 should be 1 Ac ic Ac
I Ac Ac ac ¢ 1 Ae ac ac : 1 ac ac ac, Responses of the Ds loel to
Ao dosage would determine the classes of kernels appearing on this
ear, The ratios of classes, with respeoct to variegation pattern,
in table 7«c¢, are those that could be anticlpated, The observations
sugpest that some of the ac ac A¢ constitutions allow a very light

aveckled pattern of varlegatlion to appear--a few very late Ds muta-
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tions were ocourring in some of these kernels, Table 7-4 gives the
tyves of kernels obtained from the cross of 4628C-9 to a C 3h Bz wx Ps
C 5h Bz wx Ds, ic Ac (allelic positions) female plant, again, the
classes of kernels appearing on the ecar following this cross are in

agreement with the projected constitution of the male parent,

{(b), Sub=-culture D

The tested plants in subeculture D were all heterozysous for the
Tuplicetion chromosome 9., The selection of this class of kernels
from the self-pollinated ear of plant 4306, would suggest that they
micht have similar chromosome and zenic constitutions as the mother
plant. Two of these plants were orossed to ¢ sh bz wx ds ac female
plants, The results of these crosses are given in table 8, Because
of the many classes of kernels that could appear following this oross,
a supplement to table 8 has been included to show the types of
chromatids that these plants could produce, if they had the glven
chromosome 9 constitutions, The types of chromatids are the same as
those that have been considered for the parent plant, (Supplement to
table 3), In these crosses, however, a direct test for the presence
of these various types of non-crossover and crossover chromatids is
avallable, It may be seen from the supplement to table 8 that
erossing over would produce morphologically normal chromosomes 9
having a transposed Ds loocus. The constitutions of these chromosomes,
in the single oross~-over classes, would be: I De' sh bz wx, I Ds‘Sh bz wx
and I Ds'Sh Bz wx, The varlegation pattern that each of these chromo=
somes would produce in the cross to C sh bz wx ds is apparent, They
appear in table 8 under the designated headings I bz~C bz, sh, wx,

I bz=C bz,3h=-sh, wx and I=C Bz~C bz)sh-sh,wx, respectively, If plants



Table 8

1 e s
C ds sh bz wx 4s

5558 Cioas i — ;
Kernel type p < x x x Totals
4628D-10 4628D-10 4626D~11 4628D~11

I sh wx 38 55 37 70 200
I-C Bz=C bz, Sh¥, Wxewx 18 27 40 59 142
T 3h wx 22 29 13 30 ol
I-C Bz~C bz, 3hjy wx 8 leé 19 33 76
I bz«C bz, Sh, wx 1 1 1 0 3
I sh wx 3 8 2 8 18
I bzeC bz, sh wx 1 3 2 8 12
C 8h Bz Wx 20 16 1s 27 79
C Bz«C bz, 3h, Wxewx 10 K4 ? 19 43
C 3h Bz wx 0 0 b 2 3
¢ sh bz wx 87 115 108 - 210 500

Total kernels 1170

* The 3hesh variegation will not be indicated in the table but may
be understood to be present.

545 I 3 825 C
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Supplement to Table 8

Types of chromatids produced by J plants in table 8, Only single cross—overs in designated
synapsed reglon considered.

\ X 3
oy y 5
Ipsl shBe Vv  ax ¥ 9z Bz Sh Ds>
4 O~ - -

A

O
Appearance of kernel
in Table 8
_ Ae I-C Bz«C bz, 3h, ix-wx
Ron-crossovers I psl sn Bz #x ¥x Bz Sh Ds? “ ’ '
Duplication ace I sh wx
C 48 8h bz wx ds Ac¢ and ac C sh bz wx
normal
Cross-overs I d4s sh bz wx ds Ae¢ and ac I sh wx
normal
Region 1
AQ C Bz~C Dz, Sh, Wx-wx
¢ Dsl 5h Bz Wx Wx Bz Sh Ds® L T
Duplication ac C 3h Bz Wx
1 - A0 I be~C bz, sh wx
Crossovers I D+ sh bz wx ds
NHormal ~ ac I sh wx
Region 2
C ds Sh Bz #x Wx Bz Sh De® ~ o O Bas0 bx, Sh, Wa-wx
Duplieation =~ ae C 8h Bz Wx




Supplement to Table 8 continued

Crossovers 1 - Ac I bz~C bz, Sh, wx
I Ds* 3h bz wx ds
Region 3 Normal N ac I Sh wx
_ Ao C Bz~C bz, 8h, JVx-wx
C ds sh Bz @x ix Bz Sh Ds® [
Duplication ac C Sh Bz dx
Crossovers Ao I-C Bz~C bz, 3h, wx
1 psl Sh Bz wx ds - ’ ?
Reglon 4 Kormal N ac I Sh wx
, 2 - Ao C Bz~C bz, Sh, VWxewx
C ds sh bz #Wx Wx Bz 3h Ds
Duplication N ae C Sh Bz Wx
Crossovers . Ae I-C Bz-C bz, 3h, Wx=wx
I psl sh Bz ix ds
Region 5 Normal N ac I sh Bz ix
2 EY ¢ Bz-C bz, 3h, x-wx
C ds sh bz wx 4ix Bz 3h Da” —~
Duplication N ac¢ C Sh Bz #x
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were grown from these kernels, all should possess two normal
chromosomes 9, The selection of the C Bz « C bz, 3h = sh, #x - wx
kernels, on the other hand, should zive rise to plants with a normal
chromosome 9 ocarrying ¢ sh bz wx ds and a Duplication chromosome 9
with the various constitutions indicated in the supvlement to

table 8, DBecause the region between Bz and ix is the longest, the
most freguent of the cross-over classes should be;normal chromosomes 9
with I Dsl Sh Bz wx and Duplication chromosomes ¢ with C ds sh bz .ix
#x Sh Ds? (crossover region 4, supplement to tadle 8), C{rossing over
ratios may be determined in regions 2, 3 and 4 by comparing the
frecuencles of the various classes of I kernels showing variegation.
The numbers in the I bz - C bz, sh wx class, (region 2), the

I bz - C bz, Shesh, wx class (region 3) and the I - C Bz - C bz,
Sh-sh, wx class (region 4) are 12 1 3 1 76, respectively, The
orossover units for regions I to sh, Sh to Bz and Bz to ./x in normal
chromosomes 9 are spproximately 3 : 2 : 21, respectively. The
agreement in the two cases in relative frecuencies in the several
orossover resions is close, No serious disturbance in the relative
frecuencles of crossing-over in these reglons is occurring in the
plants that are heterozygous for the dunlication.

Moreover to test the projected constitutions of the zametes
produced by plants 4628D~10 and 11 (table 8) it would be necessary
to grow plants from the various classes of kernels in this table and
test the chromosomal and genic constitutions of the chromosome 9
contributed by the male parent, Hecause the constitutions of the
cliromosome 9 in the gametes of the mother plant (4306) were probably
the same as those produced by the two tested plants of sub=culture D,
the probable constitutions of the plants in subecultures ¥ to I can

be anticlpated,
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On the self-pollinated ear of plant 430%, the various crossover
classes of kernels of the tynes indliceated in table 8 were likewise
present, The chromosome 9 constitutions of the examined plants ar’sing
from a selected number of such kernels has been glven in table 5., The
correspondence of chromosome constitution with expnectancy on the
basis of the selection was confirmed by the cytolozical analyses,
Plants in sub-cultures G and H of culture 4628 should carry two normal
chromosomes 9, one with I Ds 3h Bz wx and ome with C ds sh bz wx.
“hese plants should be aAc ac, as the type of varlegation observed in
the kerﬁels from which they arose would suggest, The plants in sube
culture F should have the same two chromosomes a8 plants in sube
cultures G and I but these plants could be elther ac¢c Ac or ac ac,

The plants in culture I, not examined cytologically, could be expected
to have two normal chromosomes ¢, one with I Ds'sh bz wx (an I de sh
bz wx chromatid is infrequently produced) and one with C ds sh bz wx,
These plants could be ac Ae or ac ac. The exact genic constitutions
of chromosomes 9 in the plante in sub=cultures ¥ and L could not be
projected in advance other than to anticipate the presence of the

dunliecation chromosome 9 resulting from & crossover in recions g to_ﬁﬁ

and chromosomal constitutions of these plants will now be glven,

{e) Sube-culture F

By aopropriate crosses of plants in sub«cultures ¥ to L, the
genlic constitutions of the two chromosomes 2 in each tested plant
was determined, Plant 4628F«)l, known to have two morpholoically
normal chromosomes 9 because it was examlned cytologically, was

crossed to two C ds sh bz wx ds ac female plants. The types of kernels
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appearing on the two resulting ears are given in tadble 9., This

plant was obviously Ae Ac {allelic positions) in constitution,

The supplement to tadble 9 indlcates the types of chromatids that plant
4628F-1 would produce on the bvasis of the given constitution, The
observed ratios of the wvarlous classes of kernels on these ears
confirms the projected constitution of thls plant, The plant had a

normal chromosome 9 with I Dsl

Sh Bz wx and a normal chromosome 9
with C ds sh bz wx, The Ds locus is present just to the riazht of I,
It should be noted that crossing-over between I and Sh 1s not affected
by the presence of this Ds locus (4.9% crossing-over).

#lth the same aleurone genes in chromosome 9,the variegation
pattern produced by a Ds locus in this new posltion is strikingly
different from that produced by a Ds locus in its standard loecstion,
In this new position,a Ds mutation will glve an acentric fragment
carrying I and a dicentric chromatid with Sh Bz wx, as shown in the

following diasegram:

1 8Sh Bz WX

) A

I 3h Pg WX

The dicentric chromatid produced by a Ds mutation at this locus will
undergo the breakage~fusion~bridge cycle beginning in the ananhase
followins the Ds mutation, In this first anaphase, the genes 3h and Bz

will be looated close to the middle of the bdbridge:

- ~

C/ Bz Sh Sh Bz N

Because the bridge may be broken at any position between the two

centromeres, it can be anticionated that some of the breaks in thls



Table 9 Cross of 4628F=1
]
I Ds $h Bz wx

1 b &

Veva At ds sh bz wx
C sh bs d8 as{ x I Ds 3h Bz Ao Ao d] Cds s z

C ds ah bz 4628F=]1

Kernel type Cross=over 4388C=4 4363-14 Totals
region x x
4628F=-1  4628F~1
I-C Bz=C bz, Shesh nonw~c¢,o, 181 ae &70
C sh bz NON«0,0, 153 83 238
Reglons l&2
1 sh Region 1 l 1 2
Reglons 143
C Bz~C baz,Shesh Region 1 0 1l 1l
I bz-C bz, sh Reglon 2 8 4 iz
C 3h Bz Region 2 6 8 1z
I bz=C bzj Shesh Region 3 10 é 16
C sh Bz Reglon 3 2 3 5
I sh Regions 1&2 9 0 9%
C bzj) 3hesh Regions 1&3 b3 0 1l
I Bz«C bz} sh Reglons 243 0 0
C Sh bz Reglons 2&3 0 0 0
Totals 371 193 564

* This class is not accurate for showing oross-over reglons, It
includes (11 losses of Ao and (2) loss, transposition of changes in
state of Dst,
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Supplement to Table 9 A
1 Ds 3h Bz

Chromatids produced by plant 4628F-)

C 4s sh b2

Chromatid

const 1tutions Appearance of kernel in table 9
Non~crossovers ~ I Da 3h Be I-C Bz~C bz, 3hesh

C 43 sh bz C sh bz
Cross-Qvers I ds sh bz I sh
Region 1 C Ds Sh Dz C Bz~C bz, Shesh
Cross-overs I Ds sh bz I bz«C bz, sh
Region 2 C 4s 3h Bz C sh Bz
Cross~-overs I Ds Sh bz I b2~C bzj Shesh
Region 3 C d4s sh Bz C sh Rz
Double ocross~overs I ds 3h Bz I 3h
itecions 1 and 2 C Ds sh bz ¢ sh bz

1 4s sh Bz I sh
Rerions 1 aind 3

C Ds 5h bz C bz, 3hwsh

I Ds sh Bz I Bg~C bz, sh

fleglons 2 and 3
C ds 3h bz C Sh bz
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division will ococur to one side of this Bz Sh Sh Bz segment instead of
within this segment, This would give rise to two daughter cells, one
containing no 3h or Bz locus and one containing two 3h and two Bz
loei, The I locus, carried br the acentric fragment, would be lost

to both daughter cells:

A B
X
&
Ro I, Sh or Bz No I loaus; two 3hj
iooi two Bz loci

These two sister cells should give rise to two adjacent (twin)
sectors in the endosperm, one having a C bz phenotype and one having
a C Bz phenotype in which C bz areas appear, These C bz areas would
arise from the continuation of the breskage-fusion-bridge cycle in
cell B that was initiated by the original Ds mutationt

|

Bz Sh 3h Bz Bz Sh Sh Bz

Bz Sh Sh Bz .
& - -
C O — — | X 4 ,

Bz Sh 8h Bz

Metaphase i T Subsequent
: Anaphase
4y ' break p

Cell B B CelB



Twin sectors of the type diagrammed above were present in all of
the variegated kernels in table 9.that received an I Ds Sh Rz wx
chromosome from the male parent, This variegation pattern is very
striking and is strong evidcnoe for thz presence of a Ds locus just
to thevrignt of the I locus, That this location is corr:ct, is
obviocus from the genic constitutions and accomvanying variegation or
lack of varisgation in the crossover chromatids recovered from plant
4628F-1 (table 9),

Plant 4628F-2 had the same chromosomal and genic constitution
as plant 4628F-1 with respect to the aleurone genes carried by the two
chromosomes 9. «hen erosseed to C sh bz wx ds ac female plants, no
variegated kernels appeared (table 10-a), When crossed to a
C sh bz wx ds,ac ac plant, agaln no regular variegstel kernels
apoeared (Table 10-b), PFrom this cross, it may be concluded that
plant 4628F-2 has the constitution I S8h Bz wx / C sh bz wx, It does
not carry a Ds locus that 1s resgularly producing a dicentric chromatid
carrying genes in the short arm of chromosome 9%, That a Ds locus may
be present was suggested by the prescnce of a2 small amount of varie-
gation apnearing on a few of the kernels represented in table 10-~b,
This nlant may have a newly transnosed Ds locus or a Ds locus with
a changed state giving few if any dicentric chromatids (extreme
few-late Ds?), These possibilities will be tested this summer,

(d). Sub-oulture G

Plants 4688 Gel, Gw2 and G~3 proved to be similar tn the chromo=
somal and genic constitutions of their chromosomes 9, 4ll had a normal
chromosome 9 with I Ds Sh Bz wx and a normal chromosome 9 with

C ds sh bz wx., All were Ac ac, Table ll-a shows the types of kernels



Table 10~a

*
C sh bz wx ds ac 9§ X 46287z I "08" Sh Bz
¢ ds sh bz
Eernel types
Cross I sh I sh C 8h Bz C sh Bz ¢ sh bg

43683«2 x 4628F-2 115 6 6 3 84
4468C~4 x 4628F-2 219 15 23 6 226
4468C=-0 x 4628F-2 210 14 12 13 213
Totals 544 35 4) 22 13} .34

Total kernels: 1168

* See @nT



Table 10-b

C sh bz ds, A0 a0 ¢ X 40688F=-2 ¢

. Kemg; tipes

I sh I an v C 3h Bz C sh Bz C sh bz
0.0, Tegion lf c.,0, Region 1 o¢.0, region 2

146 8 1 4 173

Total kernelss 342
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appearing on the ears followling the croass of these plants to

¢ sh bz wx ds ac female plants., The results obtalned are similar

to those recorded in table ¥ with resnect to the types and freguencies

of the chromatids that were produced by the heterozygous parents,

Beoause of the .c ac constitution of these plants, the presence of

Ds may be detected in only half of the kernsls that received a

chromogome 9 carrying a Ds locus. The variegation patterns in the

kernels having both Ds and ic are the same as those appearing on

the ears from simllar crosses involving plant 46287-1 (see page \3 ).
In table 1leb, the types of kernels are given that resulted

from the c¢cross of two of the 3 plants In sub-culture C to ¢ sh Bz wx ds

ac Temale plants, Crossing over 1s normal in frecuency in the I to

Sh segment, as indicated in both tadles 1l-a and 1l-b (5,5% and 3,9%,

respectively), Among the 1243 kernels in table 1ll-b there were

only 2 that were ¢ to ¢ vueriegated, Both kernels carried 3h in the

C Ds chromosome, In table llea, there were only 3 C 22 - C bz

kernels on the ear among the 1461 kernels, All three carried Sh in

the C Ds chromosome, The chromatids carrying C Ds 3h 82 wx should

renresent the cross overs that ococurred im resion 1,--between I and Ds,

These 5 cases in tables lle~a and ll-b, renresent approximstely one-

fourth of the crossovers in this region that are expected to be

present on these ears, If it may be ass med that there are 20 crosse

overs in the region between I and D8 among the 2704 kernels onh these

ears, the cross over percent in this reglon is aporoximately 0,74.

The G';;riegated kernels on these ears will be olanted this summer

and the Individuals arisine from these kernels will be tested for the

presence of a s locus Just to the right of the 2 locus in order to be



Table llea
c shkz; ds sac ¢ x I Ds Sh B2 wx 4 a0 ¢

C ds sh bz wx

4367B=2 4360a=2

4363«1

4363-14  4462C=-B 4684-3

Kernel type x x x x x x Totals
4628G~1 4628G-2 4828G=2 4628C-2 46280-3 46a%6-3
I-C Bz=C bz, Sh 107 19 18 38 108 (-3 351
I sh 109 26 25 32 106 48 348
C sh bz 202 45 25 53 219 97 641
I sh 7 3 2 4 5 1l 22
C Bz=C bz,Sh 0 1 0 1™ 0 » SR 3
C 3h Bz 8 2 2 0 17 6 35
I bzC bz, sh 8 1 2 2 12 1 26
I bz-C bz, Sh 3 0 1 0 8 2 12
C sh Bz 10 2 0 4 8 3 25
C bzj Sh-sh 0 0 0 0 0 0 o
C Sh bz 0 0 o 0 0 0 0
I-C Bz~C bz,sh 0 0 0 0 0 0 0
Totals 454 99 75 134 479 220 1461
Summary: 757 I : 704 C Crossing-over I to 3h = 5,54
% " 4T is‘ il .Ef‘wk W .o {&; . dm% 7 Jait



Supplement to table llwa

' gt 3 vg
Ve ¥ mn .
C sh bz ds ac ¢ x -D83h B2 .5 404 | 3.
¢ ds sh bz &
|V
Non-crossover _ Ao - I-C Bz«( bz, Shesh 7351
chromatids Ds Sh Bz\
ap - I 8h
ds sh bz Ac and ac " C sh bz
Crossovers ds sh bz ic and ac b I sh
Region 1 /.Ac - ¢ Bz«C bz, Shesh 3
Ds 3h Bg
N ae - C 3h Bz
Crossovers ' , Ac - I bg~C bz, sh 26
Ds sh bz
Reglon 2 Nac - I sh
ds 3h Bz Ac and ac = ¢ Sh Bz
Crossovers pr - I bz~-C bz, 3h~sh 12
Ds Sh bz
Reglon 3 Nac - I sh
ds sh Bz Ao and ae = C sh Bz 25
Double orodséve&s’
ds S8h Bz Ac and agc = I sh
Regions 1 and 2
Ds sh bz Ac and ac = C sh bz
Regions 1 and 3 ds sh Bz Ac and ac = I sh
, Ao - C bz, Shesh 0
Ds 3h bz
Mac - C 3h bz 0
Regions 2 and 3 /,Ac - I Bz-C bz, sh 0
Ds sh Bz
\ac = I sh
ds Sh bg Ac and ag = C 8h bz 4]




¢ sh Bz ds ac ¢ x

Table 11l~b

¢ ds sh

I Da 3Sh

Ao aec d

4628C~1 and G=3

Kernel CrO88=0ver 4353=2 434728 4353-14 434743 Total
type regions x x X X otals
4628C0=1 4688G-3 46P08G=-3 46280G=3
Non 06,0, Ac and ac
I sh _ 195 167 147 74 583
Regions 1 & 2
Ac snd ac
Non ¢.0, 40 and ae
£ sh 197 157 169 a8 611
Regions 1 & 2 ao
Region 1 4ic and ac
I sh 11 6 11 4 32
" 2 Ao and ac
X * ¥
C~¢ 3h Reglon 1 Ae 1 1 0 0 2
Reglon 1 ac
C Sh - 2 7 2 4 15
Reglon 2 Ac and ae
C=-c sh Reglons 1 and 2 ie 0 0 4] 0 0
Totals 408 338 329 170 1243
X Tl ALY VA HQ; Owiiung 4 f F-=t Ui ny
iy,
e [ e ety e gl s A
A K e ot VAT QfTTne Y TE = W guuis
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sure that no event other than Ds mutations were reshonsible for

the appearance of the U Bz « C bz or C to ¢ variesstion irn these
kernels, The presence of the Sh locus in all five of these kernels
strongly supports a C Ds Sh constitutlon thut arose from a crossover

in rezion 1.

(e). Subweculture H

Tests of the genic oonstitutions of the two normal chromosomes 9 in
each of the two plants in subwculture H are not extensive, Plant
4628H~] was crossed to a C sh bz wx ds, Ac ac female plant, The types
of kernels appearing on the resulting ear are given in table 12«a, The
genic constitutions of the chromosomes 9 in this plant are the seme
as those in plants ¥=1, G-1l, G-2 and G«3 (I ps! 8h Bz wx / ¢ 4s sh
bz wx), Plant 4628Hel1 should be Ao ac from the appearance of the
kernel from which 1t arose. The kernels of the ear should be Ac Ac Ac,
Ac Ao ac, Ac ac ac Or ac ac ac, The varlegation pattern on the kernels
coming from this cross indieate the presence of these various ac
constitutions., In the Ac Ac ac kernels, the pres:tnoce of an I Ds Sh Bz
chromosome was detected by the numerous speckles of C Bz phsnotype.,

In the A¢ Ac ac kernels carrying an I Ds Sh bz or I Ds sh bz chromo-
some, the sneockles of § bz could not be detected, The color contrast
is too faint. In the Ac éc ac kernels, however, the C bz color may
be seen for many large sectors of this phenotype are present,

Table l2-a does not glve satisfactory data, therefore, on the presence
or absence of Ds in some of the kernels having an I Ds sh bz wx or an
1 Ds Sh bz wx chromosome, The variegation pattern in the Ac ac ac
kernels that received an I Ds Sh 3z chromosome is like that described
for similar crosses involving plant 4628PF-1, <Crossing over between

I and Sh is normal in frequency (3.8%).



Table 12~a

C sh bz wx da, ac ac ¢ x 1 Ds Sh Bz wx

AC 8¢ J
C ds sh bz wx
44820-7 4628H~1
Kernel type Rumber of kernels
(not obviously
1 5n variegated) 104
I-C Bz« bz, Shesh 17z
(not obviocusly *
1sh variegated) 10
I bz-C bz, sh 2
I b2+C bz, Shesh b §
(not obviousiy
C Sh Bz variegated) 6
C sh Bg 9
C 8h bz 1l
C sh bz 220
Total 528

* I Ds sh bz, Ac Ac ac constitutions not distinguishabdle
because ocolor in C bz snecks is not deep enough,



Table 18«b

¢ Sh Bz wx ds

ac ac 9 x L.D8 Sh Bz WX .4 a0 .
cC a

C sh bz wx ds 8 s8h bz wx

43685~3 4628H-1

Kernel type Number of kernels

I 3h 139
I«C 3z«~C bz, Shesh 68
I sh 4
I ba=C bz, 3h-sh 3
C sh Bz 5
C BzeC bz, Shesh 2
C sh bz 103
C 3Sh Bz 127

Ce¢ Sh Bz gt

t S S M G o A RPN aud " . .
- < b
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Plant 4628H~-l was ulso crossed to an ac ac female plant having
a rearranged chromosome P with ¢ Sh Bz wx 48 and a normal chromosome 9
with C sh bz wx ds, The types of kernels appearing on this esr are
given 1n table 12-b, These types and thelr relative frecuencies are
expected from the given chromosomes 9 and Ac constitutions of nlant Hel,
The constitution of plant 4628H-2 was not examined by outcrossing
to approprlate tester plants. Its constitution is very probably the
same as that of H-l. Thils was suggested by a cross of this plant
to one héving a cm=]l locus, Th;r%gggfﬁf kernels were Aﬂggggue-on the

resulting ear and will not be descrihed.

{f). Sub-culture I.

The two plants in subeculture I (those arisine from I sh wx kernels,
tadle 3} were crossed to a serles of tester plants. Plant 4628I-1 had
two normal chromosomes 9, Both ohromosomes ¥ carried - sh bz wx,

This constitution suggests that heterofertilization had oeccurred or
that the kernel from whieh this nlant arose had been misclassified,

It may have been a C sh bz wx kernel with poor C bz color development,
The C bz color in the kernels on the ear of plant 4306 and on the ears
in crosses of the plants in culture 4628 {is, however, very well
developed, Classification for C bz phenotypes ure distinet. Plant
4628]«2 had two normal chromosomes 9, one carryinz I Ds sh bz wx and
one carrying C ds sh bz wx, This plant was ac ac., #hen crossed to a
C sh bz wx ds ac remalé plant, no variegated kerncls appeared on the
ear {table lggziig #hen crossed to gré;ggéﬁzf/ C Sh Baf#ﬁc Ag¢ plant,

91 of the 94 kernels resceiving—an—Jt—enremesome were I-& variesnted
/\

(table 13-B). When crossed to a C Bz / C bz, ac ac female plant,

109 of the 198 I carrying kernels were either I - C Bz or I bz - C bz



Table 13-a

I Ds sh bz wx ,
C sh bz wx ds ae ¢ x mﬁvx—acaeb

4828]~2
Cross I sh ¢ sh
non-vari egated non-variegated
4363~5 x 462Bl-2 145 120

4462C~3 x " "

Totals




Table 13-b

C Bz /C bz, Ac ac 9 X 4628I-2 ¢

f I kernels fc kernels
Cross I, non~variegated | I-C varie-
: gated
|
109 é 235

4372«3 x 462812 99 ? |




Table 13=c¢

L4 T W oo fp 1

¢, ah Wx
Re =222 Lo ac 9 x 462812 &7 C“A%MM’"‘
o SEAﬁI
¥
T *]
. I xernels, 3h wx | | !
Crosas Colorless, 3h wx 1aC gc sh #dx | C sh wx;I sh dx
non-variegated variegated j
: T
AB80A-3 X 4628I-2 1 39 44 86 70
4380i=8 x " n-f 2 53 70 g 59 ; 5l
™ ‘ F
Totals 3 91 14 125 | 121

Odds: 1 C sh wx; 1 I sh wxj 1 possible Cee sh 4x *

£ /AL ke E e T

WO D un Bos houng



Table 13-4

c/ a, A6 A0 @ X 4628 I=2 ¢

Cross 1 Xernels C kernels
Ce¢ variegated C, non-varie-
gated
4354-5 x 462812 42 1 70
4354-6 x " " 108 0 100

Totals 150 1 170
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variegated (table 13-f), This plant was also crossed to a ¢ / ¢,

Ac Ac female plant, Among the 171 C kernels on the ear, only 1

appeared to be C « ¢ variegated (table 13-d), This latter kernel

showed only very late Ds mutations~-a uniform nattern of o speckse-
characteristic of Ds mutational responses to two doses of this particuler
Ao locus, The evidence from all of the crosses indiocate the correctness of
the ziven constitution of plant 46281-2,

The constitutions of the plants in subecultures ¥, G, H and I, that
arose from the I carrying class of crossover chromatids on the selfe
pollinated ear of plant 4308 (table 3), are those exvected from the
given constitution of this parent plant, A summary review of the
constitutions of these plants is given in tadble 18, The recinrocal
erossover classes, those carrying the duplication and having a ¢ locus
instead of an I locus, should be revresented in sudb-cultures ¥ and 1,

The genetic analysis of these latter plants has civen the final evidence
that 1s required to subdbstantiate the nprojected nature of the event that

brought about the transposition of the Ds locus,

(g). Sub=-culture K

The constitution of plant 4688K«1 (Duplication chromosome 9 with
C a8 sh bz Wx Wx Bz Sh Da® / normal chromosome 9 with C ds sh bz wx ds,
A0 Ao) was determined by the types of kernels apnearing on the ear when
this plant was crossed to a ¢ sh bz ds ac female plant (table l4-a),
All but three of the C Sh Bz Wx kernels were C Bz « C bz, Shesh, ixewx
variegated, In these kernels, there were no extensive wx sectors resu-
larly appearing in the C Bz areas, Also, all bz areas were wx and
where sh could be recognized, all were sh, This tyne of variezation

would indicate that only one Ds locus was present and that it must be

located to the right of the duplicated segments,



Table l4ea

C sh bz wx ds ae ¢ x C.4a ah b: i: 4x Bz Sh D82 .4 40 4

4462C~3 4628K~-1

4% Duplication chromosome 9 dt Normal chromosome ©

C 3h Bz ¥x C Bz«C bz,Shesh! C Sh* bz wx| C sh bz #x C sh bz wx

not WX=WX

obviously

variegated
| L +
3 134 | /8 8 323

* Sh is possibly, not positive = nk, ‘olisiyy v Gonyrink

+ 1 of these is very dark in bz ocolor Vo oy
** 6 of these have very dark bz color

C 48 sh bz ﬁx; Wx Bz Sh DsL

Duplicatisn chromosome

i
¥ "~

Normal chromosome v,
C 4s sh bz wx

Cross-overs: Duplication: C ds sh bz wx #x Bz Sh Ds?
Normal chromosome; C ds sh bz #x ds

o AukE il
Normal chromosome class (minus 2 unocertain C Sh bz wx kernels): 331

(e

Crossovers ¢ 2.4%



Table l4«b

e .,t:é@bﬂm wxX ds
ac a¢ ¢ x 4628K-~l <

C ds sh bz wx ds

4365-1
Q chromosome: C sh bz wx ds § ¢ chromosome: ¢ Sh Bz vxtg)
¢ Duplication chromosome 9 | ¢ normal chromosome 9 ¢ Dupl.chr.9 | nor. chr,% e
' ” Odds
C Sh Bg ix |C Bz=C bz,3h-sh, C sh bz #x C sh bz wx| C=a,Sh Bz |C Sh Bz wx
Ron-varie- E HX~-wx f% f A X=WX ?
5 | 56 B 150 65 122 2 broken C wx 2 /

2 5h Bz #x Ds &

* To lbe ﬂ&vnilﬂd vuuh Cun¢h¢3 M Axu&&ﬁéx' Re lwoweorsg  oel AWUuuaﬂeﬁuu”“*aﬂa Fw e Pl‘hﬂr
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¢— Eight of the C sh bz kernels were Wx, lNone of these, however,
showed any #x to wx variegation, In order to rapidly visuallze the
tyoes and freguencles of chromosomes 9 constitutions that the gametes
of this plant could have, a diagram of the usual synaptic association
of the two chromosomes 9 in this plant and the resulting tynes of
cross-over chromatids, 1s included with table l4-a, It may be seen
from this diagram that the 8 ¢ sh bz Wx kernels could arise from
crossing over in the region of the arrow--between the distal #¥x locus
and the point that marks the beginning of the proximal duplicated
segment, These chromosomes--carrying C sh bz i/x--should be normal in
morphology and should yaVe no Ds locus, Therefore, no ix = wx varie-
gation should appear in the kerneles receivinz such a chromosome, AS
stated above, no ix - wx'variegation appeared ir the C sh bz .4x kernels,

Thls same nlant was orossed to an ac ac female plant having the
rearranced chromosome 9 wlth ¢ 3h Bz wx ds and a normal chromosome 9
with C sh bz wx ds (table l4=b). In this cross, the 65 C = ¢,5h Bz
Wx - wx kernels arose from fuslon of a female nucleus cafrying the
¢ 3h Bz wx chromosome with a male nucleus carrying the Dunlicastion
chromosome, In the resultling varlec=ted kernels, all the ¢ sreas were
wx, NO extensive wx sectors regularly appeared in the C areas, Agaln
this shows that the Ds loocus in the Duplication chromosome ¢ of the
male parent rust be to the right of the Wx loel,

#ith resard to chromosomes 9, plant 4628K«2 had the Bame zenie
and chromosomal constitution as plant -1, It was, however, ac ac,
¥hen crossed to C sh bz wx ds ac female plants (table l15-a) or to ¢ sh
Bz wx ds ac female plants (table 15-b), no wariecated kernels
appeared, “here were only three types of kerncls on the ear in each

of these two crosses, On the basis of the <iven constitution of



Table 15-a

C sh bz wx ds ac @ x £ 48 sh bz dx Wx Bz 3h Ds (Dupjac ac ¢
C ds sh bz wx(normal)

4626K~2
Jd Dupliocation ;
Cross chrombsome 9 . J normal chromosome 9
€ Sh Bz W#x C shbz#  C sh bz wx
non~variegated
4361~11 x 4628K-2 124 g 4 132

Crossovers in sh class: 3%



Teble 15«b

¢ sh Bz wx ds ac ¢ X 4628K-2

Duplication
Cross chromosome © | Normal chromosome 9
C Sh Bz #x C sh Bz #ix C sh Bz wx
43476 x A628K~2 167 : '3 214

Crossovers in sh class: 1.4%



Table 15w¢

C sh bz wx 45, Ac ac ¥ X 4628K~-2

g

Cross Dupliecation chromosoms 9

Normal chromosome 9

’ - : i limenaliiupam
C 3h Bz ¥x C Bz=~C bz, Sh-sh, Wx-wx | C sh bz Wx C sh bz wx
- non-varie- | Non-varie~
gated | gated
4462C-2 x 4628K-2 90 | 63 13 213

Crossovers in sh class: 5,7%
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plant 4628KE~2, only three types of kernels are to be expected, The

C sh ix kernels. in both tables, should have a normal chromosome 9
carrying C sh bz Wx that arose from a crossover in the reglon between
the dlstal x locus and the position that marks the beginning of the
proximal dunlicated smegment, This corossover distance is 3% and 1.45%
of the C sh kernels in tables 15~a and 15«b, resnectively, and 1is
similar to that observed for the same region in plant 4628Kel,

dhen nlant 4628E-2 was crossed to a © sh bz wx ds, .i¢c ac female
plant (table 15-¢) approximately half of the kernels receiving a
chromosome 9 carrying C Sh Bz #x were C 3z ~ C bz, Sh « sh, Wx - wx
variegated, There were 13 C sh bz #x kernels (5.7% of the C sh bz
class) and agnin none of these 13 kernels showed any 4x to wx
variegation, As explained above, variesation 1s not expected in
these kernels,

Plant 4628K-2 was crossed to an A¢ ac plant carrying ¢ sh Bz Wx Ds
in a normal chromosome 9 and ¢ sh Bz wx ds in a rearranged chromosomse
9 (table 15-d), The appearance of the 79 C - ¢ variezated kernels
in the 3h Wx class is expected from the given constitution of this
plant, (Segregation of these 79 Cw-c kernels into the 2 classes,
3h Wx and shesh, Wx-wx, has not been indicated in the table,) These
C=c kernels have Ac Ac ac constitution, The Ds mutations ococur late

in development, as might be expected,

(n), Subeculture L

Plant 46281~1, which arose from a ¢ Sh Bz «#x kernel of tadle 3,
carried C ds Sh Bz Wx Wx Bz 3h De2 in a Nuplication chromosome 9 and
C ds sh bz wx ds in a normal chromosome 9, Two allelic .ic loci were

present (Ac Ae¢)., This plant was crossed t: a C sh bz wx ds ac female



Table 15«4

e-c. 81 Bz wx 48

Pl

AC 8C 2 X 4628E-2 ¢

¢ Sh Bz Yx D=

4435«1
; C Sh ix l C sh 4%
Cross ! nan-varic- | C=¢, Sh{-sh)* and

. gated | Nx!-wx) C sh wx
; | non-varie-
é ; gated
! H

4435-1 x 4628K-2 = £20 5 79 | 137

* Some kernels are Shesh and Wx-wx variegated; others ere not,

as expected from constitution of ¢,
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plant (table 16-a) and to three ¢ sh Bz wx ds ac female plants

(table 16«b). The types of kernels appearing on the ears of these

test crosses have made 1t possible to wrlite the genic constitution

of the chromosomes ¢ in thls plant, Crossing over between the normal
chromosome 9 and the Dupliecation chromosome 9 in the reglion of the diatal
duplicated
frequenclies hetween the marked locil., The percentages in the marked
regions are given in tables l6-a and 16-«b, The explanatory supplement
accompanying each of these tables will make this evident,

No dx - wx variegation or extensive wx sectors regularly appeared
in the ¢ Bz areas of the variegated kernels of table l6-a, all of the
C bz areas were wx; none showed Wx = wx variegation. In the cross to
the ¢ sh 3z wx ds ac female plants, the Ds mutation in the ¢ 5h #x
kernels resulted in ¢ sh wx sectors, No #x « wx variezation was
present in the C areas and, as stated, all the ¢ areas were wx., Again,
large wx sectors were not appearing in the C areas, This type of
variegation would be expected if only one Ds locus were present and
ir its position were to the right of the proximal duplicated segment.
It should be noted that none of the ¢ Sh bz wx or C 3h Bz wx kernels in
table 16-a was C « ¢ varlegated, None should be wvarlegated for these
kernels should have a normal chromosome % with no Ds locus, These
C Sh bz wx and C Sh Bz wx chromosomes arose from a erossover in
regions 1 and 2, resnectlively. It should bc noted that no ¢ sh bz dx
kernels were produced, These would appear only 1f a »nollen grain
carried a double cross-pver chromatid (regions 2 and 3), Such a double
croas-over chromatid should appear relatively infrecuently. Ko such

chromatid was represented on this ear,



Table 16-a

C 43 Sh Bz #x Wx Bz Sh De®
Cshbzwxdsachﬁ-m%?ﬁ——————, A0 Ao ¢

43633 4628L-1

"

!
C 3h Bz #x |C BzeC b2, Sh=sh C Sh Bz wx C Sh bz wx C sh bz #x C sh bz wx

’ Wx-wx non-varle-
E gated : -
13* 125 74 10 o | 128

* Several have a few wx spots.



Supplement to table l6ea

I . 3

C ds Sh le lle Wx Bz 3Sh Ds

o

C 4s sh bz wx d;‘ T

Noneoroasovers C ds Sh Bz 4x ¥ix Bz Sh Ds = C

C ds sh bz wx as = C
Region 1 C 48 sh Bz iix Wx Bz Sh Ds = C
C d4s Sh bz wx - O
Region 2 C ds sh bz Wix x B2 Sh Ds = C
¢ 48 3h Bz wx 48 = C
Region 3 C ds sh bz wx fix Bz Sh Ds = C
C ds 3h Bz #x 4s =-

Summary:
Crossing over Region 1 = 4,4%
Region 2 =32,.8%
Region 3 = 5,7%

* Too high; probably includes some No Ds or No Ac gametes due to

losa or transposition of Ds or Ae,

¢
¥

B2-C bz Sh,Wx-wx

sh bz wx

B2=C bz,Sh, Wx-wx

Sh bz wx

Bz«C bz,ﬁh,ﬁx—wx

Sh Bz wx

Bz«C bz, 3h, #x-wx

Sh Bz Wx

128

10

74

13*



Table l6~b

Y,
¢ shﬂwx ds ac ¢ X 46281~ ¢

Cross CsShwWwx C-oc, Shesh, C Shwx C sh x C shwx  Odds
none-varie~  ixewx :
gated !
4347-4 x 46281-1 10 129 e 2z | 17 3¢
4418F-2 1 4628L-1 8 50 8 1 | 52 1 colorless dx-wx;sh
4418F~2 x 4628L-1 4 39 4 o . 73
Totals 22 218 150  3* | 242

* 1 has defective embryo; probably carries an abnormal chromosome 9.
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Table 17a

C ds sh bz #x Wx 3z Sh Ds® Ac ae
C shbzwxdsaec ¢ x C ds sh bz wx ds

4628L~2
Cross C Sh Bz Wx C Bz~C bz, 3h~sh, C sh bz #x C sh bz wx
non-varie- Wx-wx non variegated
gated {Aec ac ac) (Ao ac ac and {(Ae ac ac and
{ac ac ao) ac ac ac) ac ac ac)
4361~16 x 4628L-2 59 59 11 255
4366-9 x 4628L-2 37 34 11 245
Totals $6 93 22 500

Crosa-over region

C da sh bz #xi Wx Bz Sh Ds?

¢ ds sh bz wx :“"“M~-\M

Cross-overs: C ds sh bz wx Jx Wx Bz Sh Ds? Duplication chromosome 9
' C ds sh bz Wx ds Normal chromosome 9 = 82

Hormal chromosome class
Irosaovers

522
4,.2%

s a0



Supplement to tabls 18-b

¢ sh B2 wx ds as ¢ x C ds 8h Bz dx #x Bz Sh Da® 4Ac Aie ¢
C 45 sh bz wx

Nonecrossovers C 3h ¥x
C sh wx
Region 1 C sh #x
C 8h wx
Region 2 C sh wx
C 8h #x

Regions 1 & 8 C 3h wx

C sh wWx

LI

d

¥
C_Sh d4x Wx Sh De2

C sh wx as

Ax Sh Dsg
ds

#x 3h Ds®
ds |

ix sh Dsd

ds

#x Sh De®
ds

* (=¢, 3h-sh, dx-wx

= C sh wx 242

= QC«¢, Shesh, #x-wx

= ( 3h wx 160

® (=0, Shesh, ix-wx

« C shWx 2%

= (Ce¢, Shesh, Wx-wx

¢ sh ix 3

* Too high; probably includes No Ds, or No Ac J gametes due to loss

or transposition of Ds or Ao,

Summary of orossing over:

Region 1
Region 2

Doubles

s 36,7%
: 8%
; 0,724 (with no interference

would expeet 2,27%)
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Plant 4628L=2 waz similar to plants 4628K-]1 and K«2 in the genlo
and chromosomal constitutions of its chromosomes 9, It was heterozygous
for Ac (Ac ac). In crosses to C sh bz wx ds ac female plants, half
of the C Sh Bz Wx carrying kernels were Bz - C bz, Sh = sh, Wx « wx
variegated {(the Ac ac ac kernels) and half were non-variegated (the
a¢ ac ac kernels), table 17-a. again, in this cross, a small
percentage of the ¢ sh bz kernels were Wx (4,2%) and again, none of
these kernels were Wx « wx variegated, The reason for this has been
stated previously in the description of similar crosses involving
4628K~]1 and K-2,

dhen plant 4628l=2 was corossed to a ¢ sh Bz wx ds ac female
plant, the expected types of kernels appeared, table 17-b, Half of
the C 3h Wx kernels were non-variegated and half were C - c, 3h = sh,
dx = wx varlegated, In the varieguted kernels, all ¢ areas were wx
and no large wx sectors were regularly appearing in the C areas., The
13 ¢ sh #x kernels (3,9% of the sh class) were non-variegated, To
repeat, since they carry a normal chromosome 9 with no »Ds locus, no
variegation should appear,

Plant 4628L~2 was crossed to a ¢ sh dx, Ac Ac female plant, The
kernels resulting from this cross are indiaated in table 17-c, No
obvious C = ¢ varlegation could be observed in approximately half
of the C 3h kernels, These are probably the Aec Ao Ac kernelg, The
kernels showing C « ¢ variegation had a pattern of Ds mutations
characteristic of Ac Ac ac constitutions. -gain, it may be noted that
no C - ¢ variegation was present in the ¢ sh class of kernels.

Ho veriegation is exnected,



Table 17 b

¢ sh wx ds ae 2 x 4628L-2 o

™

Cross C 8h Wx | C=0, Shesh, #x-~wx ¢ sh Wx C sh wx
non-varis- non-varie
, ted __Rated
:""%ig‘ AG Ae and ac_ Ac and ac

4347-24 x 4628L-2 = 39 z 35 ; 13 317

Croas~-over recion

C ds sh ix¥  ix sh Ds R
C ds sh wx ds o o
Cross-over:
Duplication chromosome 9
C ds sh WX Wx 3h Ds
S -
Normal chromosome 9
C ds sh Hx N = 13

Total kernels = 404
Normal chromosome class : 330

erossovers : 3.9%



Tadle 17-~0

¢ sh ¥x

A0 A0 9 X 46281l-8 ¢

’ 'y 8.1 WX

Ac ac¢

‘Duplication ohromosome from ¢ |

Normal chromosome

Cross from d
« C Sh Wx Ce0,Sh=8h, WX C sh ix
Not odviously non-variegated
- variegated (Ac Ac Ac and
_{Ac Ac Ac) {Ae Ac ac) Ac Ac aec)
4355-20 x 4628l~2 5 59* 219

* 58 kernels are speckled with o; late Ds mutation

1 ¥ernel has an Ao ac ac type of C ... ¢ variegation, Seg V&Qélt M



Table 18

on J7
Plants arising from various kernels feem aelr-pollinatfgﬂaor plant 43068 (see Table 3).
Chromosomal and genie oconstitutions of plants of culture 4628; sub-cultures C to L.
Dup. = Duplication chromosome %, Nor, = Normal chromosome 9

Appearance of

Aotivator Table or page
Plant Chromosome 9 constitution constitution reference k;i::% :;gzewhich
Dup. I Dsl Sh Bz #x #x Bz Sh De® Table 7 -
4628C~-8 Ac Ac e AX
Dup. I Dsl Sh Bz #x Wx Bz Sh Ds®
1lg S 3 2
" peyo Do I Ds? Sh Bz ¥x Wx 3z 3h Ds Ac ac Table 8 I-C Bz-C bz,Shesh,
Nor. C ds sh bz wx ds I XWX
. sl s ix Wx Bz S 2
" D-11 Dup. I Ds® Sh Ba 7x #x 3z 5h Ds Aec ac Teble 8 I-C Bz~C bz ,Shesh,
Nor, C @s sh bz wx ds ix-wx
1 gh 1
" gy Nor. I De® Sh 32 wx ds Ae Ae Table 9 I sh wx

Kor., C De sh bz wx ds

-

» % -
" Fa 2 Nor. I @s Sh Bz wx ds ”? Table 10 (see page's) I Sh wx

Nor., C ds sh bz wx ds

4

For. I Dsl Sh Bz wx ds .
" G- 1 Nor. C ds sh bz wx 4ds Ac ao Table 11 I-C Bz~C bz,Sh-sh,wx

€2

4

Dsl 5h Bz wx ds Ac ac Table 11 1-C Bz-C bz,3h-sh,wx

Kor.

<2

bt

1 a
Ds+ 3h Bz wx ds Ac ac Table 11 I-C Bz=C bz,3h-sh,wx
ds s8h bz wx ds

" (e 3 Nor.
Nor.

(9]



4628H~]1
" He2
" Jel
" Je2
" K=l
" EK-2
" L=l
" L-2

Nor.
kKor.

- Nor,
\ Ror,

Ror.
Nor.

Nor.
Nor.

Dup.
Kor.

Dup.
Nor.

Nor.

Dup.
Ror,

c

Q

psl
ds

Dsl
ds

8h b3 WX peterorertilization

Table 18 continued

3h Bz wx
sh bz wx

3h Bg wx .
sh bz wx/

sh bz wx

Dsl sh bz wx ds

ds

ds
ds

ds
ds

ds
ds

ds
ds

sh bz wx ds

8h
sh

sh
sh

3h

sh

sh
sh

bz
bz

bz
bz

Bz
bz

bz
bz

Ax
wXx

Ax
wXx
ax
wXx

ix

#x Bz Sh Das?
ds

Wx Bz 3h Ds?
ds

4x Bz 3h Dg2
ds

#x Bz Sh Ds2
ds

AC ac

Ae ac¢

Not tested

a¢ ac

A0 AC

ac ac

AC AC

AC A&C

Table

Table

Table

Table

Table

Table

12

See page (%

See page

13

14

15

16

17

I-C Bz~C bz,Sh=-sh,wx

I-C Bz~C bz,Sh=sh,wx

I sh wx

I sh wx

C 3h Bz dix

¢ 8h Bz dx

C Bz-C tm,3h-sh,
AX-wx

C Bz-C bz, Sh~sh,
AX=-WX
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5. Considerationf of the events responsible for the transposition

of the Ds locus

The genetle analyses of the plants in culture 4628 has allowed a
reconstruction to be made of the genlce and morphologieal constitution
of the chromosome $ in the mother plant (4306). All the tested plants,
except 4628C~9, had one normal chromosome 9 carrying C sh bz wx, The
eonstitution of the homologous chromosome ¢ in some of the sub'eultures’
(D, £, G and H) could be anticipated from the type of varilegation
appearinzg on the kernels from which these plants arose, The constitu-
tions of plants in sub=cultures ¥ and I could likewise be antlcipated
within th: scope of several aimple alternatives, The plants in sube
cultures K and L could have a number of different chromosomal and
genic constitutions, To determine the exact conatitutions of each
plant would require the tests that have heen desoridbed adove,

Figure 1 has been constructed to make this anticination readily
appreciated, OSubecultures D and E probably recelved a non~crossover
Duplleation chromosome 9, Plant 4628I«2 and L=l received chromosomes
arising from a crossover in region 2 In the mother pnlant, The crossover
chromatlid in 4628I-2 1s the reciprocal of the one present in 462811,
Region 4 has the longest unit c¢rossover distunce, .. crossover in this
region would give rise to a morphologicaelly normal chromosome 9 with
I B@l 3h Bz wx and a Dupliocation chromosome 9 with ¢ da sh bz x dx 3z 3h
Dsa. These two classes of reciprocal crossover chromatids should be the
most frecuent of all of the crossover classes of chromatids and there-
fore they should be the most frequent ones recovered in a self-
poellination or an outcross, Although the numbers ars few, the analysis
of the genic constitutions of the chromosomes ¢ in the plants in sube-
cultures ¥, G and H and in sube~cultures X and 1 are in acreement with

thls expectation,



s 9 j

k8

Ploure 1
T S, oy N SR v
S ,.___-A,:._;_+.:J~. [N s paicpisasa
.‘. vt "n e i 2 v b e 3 A ‘ . .
A A
(3&9\ ﬁ% ~ W 4‘\ d\(}\
| -
| | |
2 |
v 5
a Y

Cross«over chromatids recovered from plant 4306,

I Del sh bz wxj Normal chromosome 9§ Plant 462812

Region 2
C 4s 3h Bz #x Wx 8h De®; Duplication chromosome 8, "lant 4628L=1
I Ds! Sh Be wx; Mormal ohromosome 9: Plants 4028Fel, Gel, G2,
Region 4 Om3, Hel, He2

I ds sh bz #x Wx Bz 5h De?; Duplication chromosome 9,
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The order of the genes in the proximsl segment has been glven
little consideration in the preceding discussion, It is necessary
to indicate, therefore, why this order is required and why the
particular marked locl have been placed in thls segment, The unalysis
of the synantie conrigurations'or a normal chromosome 9 and the Dupli-
cation chromosome 9 In the heterozygous plants (pages } and the
analyses of the chromosomal and genlc constitutions of the recovered
erossover chromatlids along with their frequencies, has indicated the
composition and order of genes in the distal of the two dupllicated
segments, It 1s composed of a unit of the normal short arm of
chromosome 9 that begins just to the right of the I locus and extends
to a locus anproximately 4 units to the right of Jx, It is presgent
in the Duplication chromosome 9 in the normal order, as these studles
have shown, 4 D8 locus 13 present at the Jjunction of this unit with
the distal third of the short arm, In other words, the Duplication
ohromosome 9 has a normal gemlc and chromosomal comnosition from the
end of the short arm to a position approximately 4 orossover units
beyond «x with the exception, however, that a Ds locus is present Jjust
to the right of the I locus,

The proximal duplicated segment must contain 3h, Bz and vWx. The
presence of iWx in this segment Is indicated by the crosses of 4628K-1,
Keg and 1«2 to C sh bz wx female nlants, If no Wx locus were present
in this segment of if wx were present, one should obtain some C S8h Bz wx
kernels and those having Ac should be C Bz - C bz variegated, They
should appear in approximately 4% of the C Sh Bz class for they would

be the reclprocals of the C sh bz Wx kernels:
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Such kernels would not appear, however, if a Wx locus were carried by
the proximal duplicated segment, Such kernels did not appear in the
crosses, It could be concluded, therefore, that a Wx locus must be
present in this segment,

3h and Bz loci must likewise be present in this segment, The
evidence for this is apparent from several considerations., It 1is moet
obvious, of course, in the phenotypes produced by the Duplication
chromosome 9 in plants 4688Kel, K-2 and L-2, It is the Sh and Bz loel
in this proximal segment that accounts for the Sh and Bz phenotypes that
appear in the kernels from which each of these plants arose and in the
kernels having the Duplication chromosome 9 in crosses of these plants
to sh bz plants,

Neither I nor C can be present in the proximal duplicated
segment, The absence of a C locus in this segment was conslidered on
page Q@ . The absence of an I locus in this segment is apparent from the
phenotynes that result from a Dal mutation in an 1 Dal 8h Bz Wx #x Sh Bz
ne® / C sh bz wx / C sh bz wx, At ac ac kernel, a Dsl mutation deletes the
I locus distal to Dsl. The resulting ohenotyve is C. Again, if I were
present in this segment a Duplication chromosome 9 wlth the constitu-
tions shown to be present in sub-cultures 4628 K and L would not be
recovered, These chromosomes have no I locus in the proximal segment,

Neither an I locus, nor a C locus, therefore, is present in the proximal

segment ,
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All of these considerations point towards the exac’ composition of
the two segments with regard to the loci they carry. The position of
breakage that could give rise to such serments 48 also indicated, The
distsl segment extends from a position just to the right of I {demarked
by the ingerted Det locus) to a position 3 or 4 crossover units to the
right of the 4x locus in this sesment., Crossing over between a normal
ehromosome 9 and the Duplication chromosome 9 is normal in kind and

relative frequency within this distel sesment, as the tables have

shown, The crogsover unit dlstance between this distal Vx locus
and the Junctlon with the proxima) segment in the plants heterozygous

for the Duplication chromogome 9 is the same as the crossover unit
distance between Bx snd Ds-standard in plants with two normal chromoe

somes 9, A summary of the oross over nercentages in this reglon,

that oecurred in plants 4628K-l, ¥-2 and J=2 where it could be
deternined, 1s given in table 19, The Jjunction of the two segments is
marked by the position that Dsestandard oceunies in a normal I Sh Bz Wx
J8 chromosome., As shown in tables 1 and 2, the chromosome 9 in plant
4108C-1 that carried I 3h Bz Wx and De, was normal in 1its nenetioc
behavior and had Ds at the standard location. The presence of only two
recognizatle odd sametes was observed in the crosses of this plant,

One of these had the duplication that arose from an aberration occourrinz
within this I Sh Bz #x Ds chromosome, In this Duplication chromosome 9,
the roximal segment has the same genes within it as the distal segment,
This indicates that ghromosome breakage occurred in a cell of the

parent plant (4108Cel) at the Ds locus and also at a position just

to the right of the I locus., This was followed by fusions of broken
ends that at the same time included a transposition of a NDs locus

between two of these ends, Defore this event may be reconstructed,



Table 19

Summary ef table of per_cent crossing over between the distal Vix

locus and the end of the distal duplicated segment bdased on the

recovered normal chromosomes 9 1n crosses of plants 4628K-1,
4628K«2 and 4628L-2

C ds sh bz ¥x #x Bz Sh Ded

- T
C ds sh bz uxT T e—
HQO\ .
ocrossing over region
Cross C sh wx ¢ sh ix Percent

crossing over

4362C-3 x 46268K-) 323 8 2.4
4365-1 x 4628K-) 150 1 0.66
4361-11 x 4688K-2 132 4 2.9
4347-6 X 4628K-2 214 3 1.4
4462C-2 x 4628K-2 213 13 5.7
4361-16 x 4628L-2 255 11 4,1
4366=9 x 4628L-2 245 11 4.3
4347-24 x 4628L-2 317 13 3.9
Totals 1849 64 3.3

Total kernelss 1913
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it 1s necessary to inquire into the order of the genes in the proximal
gsegnment,

The order of genes in the proximal segment has been determined from
two general types of evidence: <first, the type of veriegation patterns
in the kernels having the Duplication chromosome 9 and secondly, the
tyoes of chromatids that plants heterozygous for the Duplication have
produced, The order could dbe (1) I psl sh Bz #@x Sh Bz 4x Ds® or
(2) I Ds! 3h Bz Wx d4x Bz Sh Ds®, If (1) were correct, it would be
difficult to explaln how the large wx areas could arise that frequently
appear in the C Bz sectors in the I - C B2 - C bz, Sh -« 8h, ix = wx
variecated kernels of tables 7-a and 8, If the second of the two geniec
orders was present, Just such wx reglons should appear because the
breakage~fusion~bridge cycles that are initiated by psl mutations
should often result 1n deletions of the two #x loci from some cells
while retalining the proximal 3z locus. In the crosses indicated, the
resulting cells would be C Bz wx, If order (1) were present, the C Bz
sectors that are variegated should have some C bz areas within them
that are Wx « wx variesated, As stated earlier, no such C bz areas are
prescnt, ill of the C bz areas are wx, If order {2) were present, all
the C bz areas within the C 32 sectors should be wx for the Wx loci
should be lost from some cells by the breakapge-fusion-bridge mechanism
before the proximasl Bz locus is lost. In other words, Bz will not be
lost bvefore the ix locl are lost, In the crosses of plants 4628 kK.l,
K-Z and L-2 to C sh bz wx plants, no large wx areas appeared in the T Bz
sectors of the varlegated kernels and none are expected as thers is no
Ds locus to the left of Ds? that, by mutation, could initiate a
dicentrioc chrommtid having Bz and #x in the reglon between the two
centromeres, These several observatlons, then, strongly support the

given inverted order of the gecnes in the proximal segment,



Figure 2

Types of chromatids that should be produced by crossing over with order of gemes (1) and {2)
in Buplieation chromosome 9

Type (1) order

A, Synapsis of distal segment of Duplication
chromosome 9 with homologous segment in
the normal chromosome 9
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Dsl sh bz wx ds
ds 3h Bz 4x 3h Bz

Dsl Sh bz wx ds
ds sh Bz %x Sh Bz

Dsl 3h Bz wx ds

ds sh bz ix Sh Bz

psl 3h Bz %x ds

ds sh bz wx 3h Bz

Figure 2 continued
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B, Synapsis of proximal segment
of Duplication chromosome ¢
with homologous segment in
Rormal chromosome 9
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dicentric chromosome and an acentric
fragment. The dicentric chromosone
would be deficient for the terminal
third of the short arm.
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That an inverted order is present is again supported by the types
of crossover chromatids that could appear if type (1) organization were
present but would not appear if type (2) organization had teen present
in plant 4306 or in plants 4628D=10 and D-11 (tadble 8), Figure 2
11lustrates the types of crossover chrometid that could be anticipated
from zenic orders (1) and (2) a»ove, Homologous synapsis of the normal
chromosome 9 with the distal segment would glve phenotvnically similar
crossover chromatids 1n the two caéég} %égmelogous synansis of the
normal chromosome 9 with the proximal segment, if order (1) were
present, could glve rise to crossover chromatids havins the constitu-
tilons shown in 3 of figure 2, The crossover ¢ .romatids that should
arise from this assoclation have not appeared, If order (2) were
correct, such crossover chromatids would not appear, From this
negative evidence, order (2) is again indicated,

1t is possible, now, to reconstruct the events that zave rise to
this Duplication chromosome @ with a transposed “s locus, Three
assumptions regarding these events are recuired, (1) & Ds mutation
occurred at i1ts usual time--late 1n the development of the sporophytic
tissues-~in a cell of plant 4108C-1, The chromosome in which this Ds
mutation ococurred was normal in morphology and carried I Sh Bz #x and Ds
in its standard location, The Ds mutation resulted in breakage of the
two sister chromatids at the position of the Ns locus in each chromatid.
Evidence that a Ds mutation brings about breaks in sister chromatids at
the locus of Ds is well estadblished, This assumptlon 1is therefore
legitimate, (2) The Ds mutation not only caused breaks to occur at the
position of the Ds locus but resulted in the release of a submicroscople
chromatin segment that carries a Ds locus, This released segment
carrying Ds has unsaturated broken ends, It could be lost from the

chromosome complement if fusion with some other broken ends did not
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occur, loss of the Ds locus as s conseguence of Ds mutations has been
conaidered in detall elsewhere (see report on c-ml mutations, January,
1949}, The manner of this loss may be suggested from cases such as the
one beins desoribed, (3) At the same time that the events described

in (1) and (2) occurred, a spontancous chromosome break ocourred just to

the rizht of the I locus in this caromosone, Both sister chromatids
were broken at the same locus,. Tvidence for freguent spontaneous
breaks 1n malze 18 sood (MoClintock, unpublished). This assumption,
therefore, 1s legitimately taken., " nhese three events would ~ive a
series of broken ends as shown in 4, figure 3. ™Tusion of broken
ends could readily occur to give rise to the configuration shown
in B, figure 3, The resulting chromatids are dlagrammed in C, flgure
3., + Dunllcation chromosome 9, with an lnverted order of genes in the
proximal duplicated segment and having a transposed Ds locus just
to the right of the I locus 1s now formed,

On the bHasgis of the depleted :ode of orizgin of the Dupllcation
chromosome 9, it must be assumed that the two Ds locl are daughter
Ds locl derived from rocdupllicastion of a mother Ds locus, The ruta-
tional behavior of the two Ds locl in this chromosome are not alike.

1 than at

More dircentric chromatid-forming -utations occur at Ds
n8®, The states of tre two Ds locl definltely differ from one

another, This 1s particularly upnarent when these two loci are
senarated by crossing over and the crossover chromatids isolated,

Then, the ~utational behavior of Dsl may be directly compared with that
of Ds”, Either a change in state occurred 1in one or both of the Ds
loci during one of the events that gave rise to the duplication and
the trangposition; or ¢ chanze in state in one or both Ds loci took

place subsequent to this event, There is no evidence for any p»osition

effect assoclated with the altered zenlc associations of the t o Ds loel.,
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Changes 1n state of these two separated Ds locl are occurring indepen-
dently of their positions as n few of the varlegated kernels have
ghown,

igain, 1t should be emphasized that the transposition of the Ds
locus has not introduced any visivle alteration in the appearance of the
chromosome 1ln the region of the transposition. MNeither has its
insertion affected the crossing over in the I to 3h region, To
refresh thls evidence, a sumnary of this crossing over in the crosses
of nlants in sudb-cultures 4628 7, G and T are glven in table 20,

These observed crossover percentazes are slmilar to those observed when
no Ds loocus 1s present, The Inscrted segment carrying Ds muat be very
ninute~-obviously submicrosconic in size,

The analysis of this case of transposition of Ds has indicated the
nethod for selecting those relatlively rare kernsls with newly arising
transposed Ds locl, 1In the crosses of I Sh Bz Wx Ds-standard to
C sh bz wx ds5 aoc plants, the kernels with abverrant variegation of quite
sneciflic types nmay be selected, It is possible, by thls method, to
detect those chromosomes having Ds inserted to the left of I,
between I and Bz and between 3z and Wx, A number of such kernels have
bren selected and an analysis of the transposition of the Ds locus 1s
being conducted., Ivlidence from tiese other cases should be well
advenced by the time the greeniiouse crop is collected and certeinly by

the time the summer crop is harvested,



Table 20

Summary of crossing over between I and Sh in plants 4828F-1, 4628G-1,
G-2 and G=3, and plant 4628H-1

Normal chromosome 1 psl 3n

Normal chromosome 9 ¢ ds sh

Table reference Tof kernels  oross.over  Croseing over
chronatids
Table 9, 4628F=-] 584 28 4,9
Table ll-a, 4628b 1461 85 5.8
Table 11-b, 4628b 1243 49 Se9
Table 12, 4628H-1 525 19 3,6

Totals 3793 181 4,7
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Pransposition of the Ds locus, April, 1949. W’ar
In the nrevious account the Case I transposition of the Ds locus,

april,1949. the origin and behavior of this case of transposition was

analysed in considerable detail. Continued examination of this case

has resulted in confirmation of the conclusions given in the earlier

report. In this supplement, the confirmatory evidence will be given

in the form of appendices. The table numbering will follow sequentially

from the previous reort.

Appendix 1

In the cross given in table 7-c, an Ac ac, C sh bz wx ds female
plant was crossed by plant 4628C-9. Tnis latter plant was homozygous
for the duplication chromosome 9. Both chromosomes carried
I Ds1 vh Bz Wx wx Bz Sh Dsz. The plant had one Ac locus. A number of
kernels appeared on the ear that showed only a few specks of C color
(column 1, table 7-c). It could be anticipated that these kernels had
3 Ac loci in their endosperm cells, two contributed by the female parent
and one by the male parent. If the Ac loci in both plants were located
in allelic positions, the plants arising from these kernels should be
Ac Ac. Some of these lightly speckled kernels were selected from
the cross of 4462C-11 x 4628C-9 (Table 7-C) and plants grown from
them in the summer of 1949 under culture number 4876A. Ihese plants
were crossed to: (1) C sh bz wx, ds ac plants (Tables 2l1-a and 21-b),
(2) by C sh bz wx, ds ac plants (Table 22), and (3) to ¢ sh Bz wx,
ds ac plants (table 21-c).

In cross (1) above, the types of male gametes, with respect to
chromosome 9 morphology and genic constitution, should be the same as

those given in the supplement to Table 8. It was hoped, however,

that two allelic Ac loci would be present in the tested plants so that

Ml

g
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a more direct analysis of the chromosome and genic constitutions of
the resuiting progeny would be available. The four tested plants
in Table 21-a had two Ac loci. Unfortunately, however, these two loci
did not occupy allelic positions, as the results given in this table
indicate. The classes of kernels and their frequencies are those
expected if these four tested plants had two nom-linked, non-allelic
Ac loci. This is shown in the supplement to Table 21-a. It must
be concluded, therefore, that the Ac locus in the two parent plants
occuppied different positions in the chromosomal complenent. In
all other respects, however, the results are the same as those
given by plants having the same chromosome and genic organizations
that were tested 1n the previous season, Table 8, Therefore, no
further description or analysis is required.

In one plant of culture 48764, the Ac constitution of the
main stalk and the tiller differed. This is shown by the
frequencies of kernel types obtained when pollen from the main
stalk and pollen from the tiller were used in crosses to C sh bz wx,
ds ac plants, Table 21-b. The ratios of kernel types obtained
when pollen of the main stalk was used indicate that only one Ac
locus was present. The pollen from the tiller gave ratios of
kernel ty;es that indicate the presence of two non-linked, non-
allelic Ac loci. It cannot be decided from these tests whether or
not the tiller gained an Ac locus or whether or not the main stalk
lost an Ac locus. Either event could account for the observed
difference in the two parts of the plant.

Two of the plants entered in Table 21-a were crossed to
¢ sh Bz wx, ds ac plants. The types of kernels appearing on the
resulting ears are given in Table 21-¢. As the supplement to

Table 21-c indicates, the types of kernels and the ratios
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observed are those expected from the stated constitution of these

plants.
In Table 7-c, one aberrant kernel was recorded. This kernel
had the phenotype C Sh Bz Wx and was non-variegated. Such a kernel

was not expected to appear following the cross given in Table 7-c.

A plant was grown from this kernel. It was crossed to a ¢ sh Bz wx,
ds ac plant. There were 345 kernels on the resulting ear. 51 were

C Sh Wx, non-variegated; 2 were C sh Wx, non-variegated and 292 were

C sh wx, non-variegated. When the plant was crossed to a C sh be wx,
ds ac plant, the resulting ear showed 27 C Sh Bz Wx non-viriegated
kernels, 23 C Bz = C bz, Sh, Wx»wx (bz areas wx) kernels, 2 C sh bz Wx
non-viriegated kernels and 116 C sh bz wx kernels. The plant was
likewise self-pollinated. The resulting ear showed 229 C Sh Bz Wx

(a number were variegated) one C sh bz Wx and 156 C sh bz wx kernels.
If the tested plant had the constitution Duplication C sh bz Wx Wx

Bz Sh Ds/C sh bz wx, ac ac, just such ratios following the given
cross would be obtained (see Tables 15-b, 15-c and Tables

It is suspected that contamination was responsible for the appear:nce
of the aberrant kernel in Table 7—cjor that the pollen grain that

gave rise to this kernel had a deficiency in the distal segment that
ingdluded: the I,Ds, Sh,and Bz loci. Only further tests could
distinguish between these two possibilities.

In the April 1949 report, no evidence was presented for the
trinsmission of the duplication chromosome through the egg parent.
Plants heterozygous for a normal and a duplication chromosome 9
give reduced transmission frequencies of the du:lication chromosome
through the pollen. The ratios of & C Sh Bz Wx kernels to shke
C sh bz Wx and C sh bz wx kernels in the crosses of C sh bz wx by

\;ﬂﬁ 5
Duplicution C sh bz Wx Wx Bz Sh Ds/normal chromosome 9, C sh bz wx
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indicate the transmission frequencies through the pollen of the

dup.ication chromosome 9, Compilation of the data from Tables
give a ratio of

Duplication chromosomes 9 to normal chromosones 9, such a

reduction in transmission of the duplicated chromosome is likewise

L sn Bz wx Wx Bz Sh Dsz/

evident when plants of the constitution I Ds

C sh bz wx are crossed to C sh bz wx. Because the crossing-over

between the aistal Wx locus and the proximal segment is low, the

frequency of the Wx tohzieclass gives the approximate frequencies

of transmission of the duplication and the normal chromosome. The

combined data from Tables 8, 2l-a, 21-~b and 2l-c show 1694 Wx to

3331 wx kernels. In the reciprocal cross, no such reduction in

tr:nsmission of the duplication chromosome is expeeted. Four of

the plants entered in Table 21 were crossed reciprocally. The

results of these reciprocal crosses are given in Table 22.

Because of the presence of 4 Ac loci in the endosperms of many

of the kernels, it was not possible to make an accurate classification

for the presence or absence of Ac in all the kernels. In the table

a significant reduction in the Wx class is evident. This is

probably not related to a reduction in transmission of the duplication

chromosome., Rather, it is related to Ds mutations occurring

before meiosis that produced non-female transmissible deficiencies.,
Data given in Tables 21 and 22 show that crossing-over

between the normal chromosome and the distal duplicated segment in the

Duplication chromosome 9 is relatively little affected by the

presence of the duplication. This would sugiest that synapsis is

not seriously disturbed by the presence of the duplication; otherwise,

a considerable reduction in crossimg-over between I and Wx would be

evident.
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Appendix 2

In the summer of 1948, plant 4628K-1 (Tables l4-a and 14-Db)
having the constitution Dup. C sh bz Wx Wx Bz Sh Ds/C sh bz wx,
Ac/Ac, was crossed by plant 4628L-1 (Tables 16-a and 16-b) with
the constitution Dup. C Sh Bz Wx wx Bz Sh Ds/C sh bz wx, Ac Ac.
1t was hoped that some of the plants arising from the C Sh Bz Wx

class of kernels on the resulting ear would be homozygous for the

duplication and for Ac. The ear was small and only a few kernels
of the desired type were available for testing. Oix of these kernels

were planted in the summer of 1949 under culture number 4848 but only
4 of them germinated. The constitution of three of these plants
were exactly like the female parent plant (4628K-1, Table 14) as
the results of reciprocal crosses with C sh bz wx, ds ac plants have
shown, Tables 23%, 24, and 25,

One of the plants in culture 4898 (4898-2) had the constitution
Dup. C sh bz Wx Wx Bz Sh Ds/C Sh bz wx, Ac Ac. The duplication
chromosome must have been contributed by the female parent plant
whereas the normal chromosome with C Sh bz wx arose from a crossover
in region 1 of the male parent plant (see supplement to Bable 16-a).
Reciprocal crosses of this plant with C sh bz wx, ds ac plants are
given in Tables 26-a and 26-b. The cross of this plant to a
¢ sh Bz wx, ds ac plant gave the kernel types listed in Table 26-c.
Crossing-over between Sh and Wx in this plant was very high in the
microsporocytes but a much lower frequency of recovered crossover
chromatids came from the megasporocytes. Such high rates of crossing
over in this segment of chromosome 9 have been encountered when two
normal chromosomes have been present. A reduced amount of
crossing-over in the megasporocytes as compnared with the microsporocytes

has likewise been observed in numerous tests.
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Appendix 3.

In the crosses of C sh bz wx, ds ac plants by Ac ac plants

1 Sh Bz Wx Wx Bz Sh D32

having the Duplication chromosome 9 with I Ds
and a normal chromosome 9 with C sh bz wx, a number of dkstinctive
kernel types appeared (Table 8). The projected constitutiors of
these kernels are given in the supplement to Table 8. In order to
determine whether the projected constitutions were correct, some of
the kernels from the cross-over classes were selected from two of

the crosses, 4462C-8 x 4628D-11, and 4363-17 x 4628D-11 (Table 8) and
grown in the summer of 1949 under culture numbers 4877 and 4878,
respectively. Two plants arising wxdzxxzaXinxexmumkzExx from the

I4+C Bz+C bz, Sh-sh, wx kernels (4877A), four plants arising from the
C BzsC bz, Sh-sh, Wx-wx kernels (4877C) and the plants arising from
two C Sh bz wx kernels (4877E) in cross 4462C-8 x 4628D-11 were

tested for their chromosome 9 constitutions. In the cross

4883-17 x 46238 D-11 (Table 8), four plants arising from the C Bz-C bz,
Sh-sh, Wx-wx kernels (4878D)were tested for their chromosome 9
constitutions.

Table 29 gives the ratios of kernel types obtained when the two
pl nts ariwing from the I Bz»C Bz+sC bz, Shash, wx kernels were crossed
by C sh bz wx, ds ac plants. The results are those anticipated from the
given constitions shown in the heading to this %able. The plants
grising from the C Bz-C bz, Sh-sh, Wx-wx kernels should all have the
Duplication chromosome 9 but the genic constitution could bekggveral
types, as the supplement to Table 8 and Figure 2 illustrate.

Crossing over in regions 1 to 5 would give the following genic

constitutions in the duplication chromosome:
1 Sh Bz Wx wx Bz Sh D82

2

Region 1: Dup. C Ds

Region 2: Dup. C 8h Bz Wx Wx Bz Sh Ds
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Region 3: Dup. C sh Bz Wx Wx Bz Sh D52

Region 4: Dup. C sh bz wWwx Wx Bz Sh Ds2

Region 5: Dup. C sh bz wx Wx Bz Sh D82
Because crossing-over in region 4 is the highest, the ma jority
of the C Bz-C bz, Sh-sh, Wx-wx kernels in the cross shown in Table 8
should give plants with the constitution: Dup. C sh bz Wx Wx Bz Sh Ds/
C sh bz wx, Ac ac. Uf the 8 tested plants arising from such kernels,
were definitely Dup. C sh bz wx Wx Bz sh Ds/C sh bz wx, ic ac
(Table 27, a and b), were Dup. C sh bz wx(or wx)Wx Bz Sh Ds/
C sh bz wx, Ac ac (Table 27-d). The tests of the latter plants were
inadequate for determinﬁing the presence or absence of the distal
wWx locus. Une plant, 4878D-1, had the constitution “up. C sh Bz Wx
Wx Bz Sh Ds/ n rmal chr. 9 C sh bz wx, Ac ac, as the results of the
cross of this plant by a C sh bz wx, ds ac plant indicate (Table 28).
The constitution of the duplication chromosome in this plant resulted
from a crossover in region 3% of the varent plant.
In cross 4462C-8 x 4628D-11, Table 8, the 2 C Sh Bz wx kernels
could be expected to appear following a double crossover in regions
2 and 4 in the male parent. 4 normal chromatid carrying C Sh Bz wx
wo :1d result from such a double crossover. The plants arising from
these two C sh bz wx kernels were croc-ed by C sh bz wx, ds, ac ac
male plants. The results of this cross, Table 30, indicate tne
presence of two normal chromosomes 9 in each plant. No evidence of

a Ds locus in the C Sh Bz wx chromosome appeared in either case.
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Appendix 4.

Table 14 gives the tyves of kernels a;pearing when a Duplication
C sh bz Wx Wx Bz Sh Ds/ Normal C sh bz wx, Ac Ac plant was crossed to
a C sh bz wx, ds ac plant. With regard to genic constitutions of
chromosomes 9, four types of gametes could be expected to be
produced by the male parent. These are:

Non-crossover chromatids
(1) Dup. C sh bz Wx Wx Bz Sh Ds

(2) Normal C sh bz wx
Crossover Chromatids

(3) Dup. C sh bz wx Wx Bz Sh Ds

(4) Normal C sh bz Wx

The genic constitution of the chromosomes 9 of seven plants arising
from the C Bz-C bz, Sh-sh, Wx-wx kcrnels of Table l4-a were tested.

96 to 98 percent of the plants arising from these kernels should have
the constitution Dup. € Sh bz Wx Wx Bz Sh Ds/Normal C sh bz wx, Ac ac.
All seven tested plants had this constitution. 9ix plants were
crossed by C sh bz wx, ds ac plants, Tables 3l-a. Allsiv;?ants

were crossed to C sh bz wx, ds ac plants, Table 31l-b, One plant

was crossed to a ¢ sh Bz wx, ds ac female plant, Table 31l-c.

Iwo kernels in Table 1l4-a were classified aé possible C Sh bz wx
kernels. Such phenotypes were not expected in this cross. Lo
determine if Sh was' actually present, plants were grown from these
two kernels and self-pollinated. The self-pollinated ears showed only
C sh bz wx kernels. The Sh classification in Table l4-a is therefore
erponeous, as anticipated. These two kernels should be moved to the

last column in Table 1l4-a,
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Appendix 5.

In Table 16-b, which gives the types of kernels appearing from
the crosses of ¢ sh Bz wx, ds ac female plants by a Dup. C Sh Bz wWx
Wx Bz Sh Ds, Ac Ac plant, a single aberrant kernel was observed.
M w0 Colifesn Ind NURA Shx o dnd Ts 7 ooy B egutisy
This kernel was sown in the summer of 1949 and the plant arising from
the kernel was crossed to a C sh bz wx, ds ac plant and a ¢ sh Bz wx,
ds ac plant. The ty:;es of kernels appearing on the two resulting ears
irdicated that this plant had the constitution I Sh Bz wx Ds Ac/
¢ sh Bz wx ds ac. This constitution could not have been produced by

plant 4628L-1. The aberrant kernel in Table 16-b, therefore,

represents a pollen contamination and should be removed from this table.

Appendix 6.

In the crosses of C sh bz wx, ds ac plants by Dup. C sh bz Wx
Wx Bz Bh Ds/Normal C sh bz wx plants, Tables 14-a, 15-a and 15-c,
a few C sh bz WX kernels appeared. These were interpreted to arise
from crossovers as indicated in the supplements to these tables.
They should have two normal chromosoues 9. Plants from seven such
kernels were examined cytologicilly and all seven showed two
morphologically normal chromosomes 9. Two of the plants were self-
pollinated, Table 32-a, and two were crossed by C sh bz wx plants,
Table 32-b, and one was crossed to C sh bz wx, Table 3%2-c. The

expected ratios for Wx and wx were obtained.

Appendix 7.

In the cross of a ¢ sh Bz wx, ds ac female plant by plant
4628L-2 which had the constitution Dup. € sh bz Wx Wx Bz Sh Ds/normal
C sh bz wx, Ac ac, an aberrant kernel appeared. This cross is not
given in the April 1949 report but is similar to that recorded in
Table 17-b. This exceptional kernel was colorless and showed

Sh-sh, Wx-wx variegation. A fdant was grown from this kernel and
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crossed to a C sh bz wx, ds ac plant, Table %3-a, and by a C sh bz wx,
ds ac plant, Table 33-b. These tests showed that the plant carried a
Duplication chromosome 9 with C sh bz Wx Wx Bz Sh Ds. The phenotypic
appearance of the kernel from which this plant arose may have been
produced following an early spontaneous break that deleted the C locus
and initiated the breakage-fusion-bridge cycle that produced the

Sh-sh, Wx-wx variegation.

Appendix 8.

1

a /2{/5,‘/’::} *

In order to obtiinaplants hiving a chromosome 9 with I Ds Sh Bz Wx,?

| RS 3 "y‘ﬁ;g i

‘Ac éﬁ?H{mBz7C Bz+C bz, Sh Wx kernels were selected from the ea;\of )
C Sh béJWx/c sh bz Wx, ac ac female plant by plant 4628G-2 that was
I Ds Sh Bz wx/C sh bz wx, Ac ac. Two plants arising from such
kernels were crossed to C sh bz wx, ds ac female plants, Table 34,
The supplement to Table 34 indicates the tiypes of kernels that should
appear following crossing-over. Crossing-over in rogion 3 gave the
desired constitution: I Ds Sh Bz wx. In these kernels, the C Bz
areas were v:riegated for C bz and the majority of these latter areas
were wWx-wx variegated. This is the expected viriegation pattern
that should be produced from dicentric formationgs at the Ds locus,
immediately to the right of the I locus, which initiates breakage-
fusion-bridge cycles.

In these crosses, there were 6 C Bz-C bz, Sh-sh, wx kernels.
Such phenotypes could arise from crossovers in region 1. It is
possible, however, to obtain such phenotypes from I Ds Sh Bz wx
chromatids if a Ds event or events occurs early enough to eliminate
the I locus from all of the aleurone cells. This occurs in a small

fraction of kernels when Ds mutations take place early in developm:nt.

Plants arisi: g from all 6 kernels would need to be tested to determine
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whether or not erossing-over in region 1 or early loss of I following
Ds mutations were responsible for the appearance of the C Bz-C bz,

Sh-sh, wx phenotype.

Appendix 9.

The position of Ds in this cnse of transposition is déefinitely
between I and Sh. That it is close to the I locus has been apparent
from various crosses previously described. Calculations of the
crossing-over between I and Ds (see page 16) gave a percentige of
0.74. This value was derived from the frequency of the C Bz-C bz
kernels in the crosses of C sh bz wx, ds ac female x I Ds Sh Bz wx/
C sh bz wx, Ac ac male (Table 1l-a).

Tests for the presence of Ds in the C Bz chromosome of plants
arising from C Bz- C bz kernels of tables 1lla and 12-b, and the
C-c kernels of table 11-b and 13%-c, were conducted by growing plants
from these kernels and testing for the presence of Ds. Twelve

variegated
kernels were selected from,kernels, some from the crosses entered in
Tables 1l-a, 12-b and 13%-c, and some from crosses not recorded in the
April 1949 report. Two kernels that were doubtful variegates were

likewise selected and the plants grown from them tested for Ds.

The various selections are given in the accompanying scheme, Scheme 1.
(Insert Scheme 1, page 43%)

information concerning the origin of the selected kernels, the
nature of the variegation, the projected constitution of the derived
plant, and the culture number of the plant may be seen from the
arrangement in this schemne. The first 10 kornels in the séheme
were certain variegates., Nine germinated to give plants ind all nine
plants were tested for Ds. the last two kernels in the scheme were

uncertain variegates. The kernel that gave rise to plant 4885 had
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Cross Table ' Phenotype of selected kernel Prpj?c?ed constitution of plant | 1949 Culture Number
Reference i wrising from kernel
C sh bz wx, ds ac ¢ x I Ds Sh Bz wx ie ae
C ds sh bz wx ’
b
4363%3-14 x 4628G-2 1l-a ¢ Bz-C bz, Sh-sh, wx . 4884
4462012 x 4628G-3 Not in April ’ e Su B s
1949 report | " " " s sh bz wx 48878
e T —
C sh bz wx ; o ! C Ds S :
oSl by Wk * X 7 T2 e oac " ~ C Bz-C bz, Sh-sh, x AR TR 48838
4358A-2 X 4628G-2 ; C~c Sh Wx C Ds ©h Bz wx 4883C
N C 22 Sh bz Wx _
Norm, C sh bz wx I Ds Sh Bz wx , | ‘ |
Re. c S5h Bz wx + ¥ T ds sh bz wx A?a?c C Bz-C bz, Sh-sh, wx C Ei :E Ef ﬁf 4890C-1, 4890C-2
4365-3 X 4628H-1 ’ 12-b v 48 su bnwx
j Co Sh. wx Norm. C Ds Sh Bz wx _ _
© ’ Re. ¢ ds Sh Bz wx 4890D-1, 4890D-2
== == :
¢ sh Bz wx, ds ac% x _I Ds Sh Bz wx Ac ac 11-D . . C Ds Sh Bz wx
C db sh bz wx 7 C-c, Sh-sh, wx ¢ ds sh Bz wx 4886 (no germination)
4347-22 x 4628G-2
~ 1 = ,
Re. ¢ sh Bz Wwx ¢ x % Ds Sh Bz wx 4#c ac 11-b | o Shosn. W Norm, C Ds Sh Bz wx
43532 % 46286-1 ds sh bz wx g —C, »h-sh, Wx Re. ¢ ds sh Bz Wx 4882
—-— X —
C sh bz wx, ds ac @ x I Ds Sh Bz wx ' Une area only of Jfresence of Ds in
’ ? C ds sh bz wx Ac ac o 1l-a % C Bz-C bz, Sh-shj U Sh Bz wX chromosome 4885
4684-3 x 4628G=3 i WX uncertain
TR ; —_—
Re. ¢ sh Bz Wx ds I Ds sh bz wx , . .. 5 Possible C-c kernel Presence of Ds in
Norm.C Sk Bz wx Ds ?x T ds sh bz wx ¢ &€ ¢ 13-c but not certain 4891

4380A-8 x 4628I-2
HcﬁL

C sh bz wx chromosome
uncertain.
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only an area of C Bz - C bz variegation. Tests for Ds were negative.
The variegated area in the kernel from which this plant arose may have
come from a spontaneous breakage in the chromosome 9 carrying

C Sh Bz wx loci in one cell mid-way in development of the kernel.

The kernel +that gave rise to plant 4891 was not certainly variegated.
A few specks that could have been interpreted to be ¢ in phenotype
appeared in this kernel. These c specks were suspected to be the
result of poor color development. It was thought wise to test for

Ds in the plant arsing from this kernel. No Ds was present in

plant 4891,

The nine plants arising from the ten certain variegated kernels
were tested by crossing to (1) C sh bz wx, ds ac, (2) ¢ sh Bz wx, ds ac,
and to (3) Rearranged chromosome 9 ¢ sh Wx, ds ac female plants,
Tables 35 to 41.

The types of kernels appearing on the ears when plants 4883B

and C were crossed to C sh bz wx, ds ac plants are given in Table 35.

Topaet Y

The precence of Ds to the left of BzAis indicated in the supplement

to Tuble 35. The variegated kernels may be used to obtain the crossover
frequencies between Ds and Bz. This gives a frequency of 5.8 percent
which is the amount expected if Ds were immediately to the right of the
C locus. Plant 4883B was crossed to ¢ sh Bz wx, ds ac female plunts
gi%&%g the kernel types shown in Table 36. A high percent of
crossing-over between Ds and wx is to be expected, giving a chromosome
with C Ds Sh Wx. When Ac is present, such a chromosome will give

C-c variegation in the indicated cross. The ¢ areas should be Wx-wx
variegated because of the formation of diceéntric chromatids jﬁst to

the right of the C locus. The presence of Wx-wx variegation was

evident in all of the C-c kernels that carried Wx. The presence of

v e

t [

Ds to the rightiof the C locus was indicated by the absence of
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twin areas with deep color in one area and colorless in its twin area.
Plant 4883%C when crossed as a pollen pirent to ¢ sh Bz wx, ds ac

plants, gave the kernel phenotypes entered in Table 37. Crossing-over

between Ds and wx, based on the C-c kernels, was 29.4 percent.

The data entered in Tables %5, %6, and %7 are consistent in placing

the Ds locus immediately to the right of the C locus. It ma

y be
concluded, therefore, that the kernel giving rise to plant 4883B

and plant 4883C wEx® received a chromosome 9 that was derived from a
crossover between I and Ds that had occurred in the I Ds/C ds pollen
parent plant (Table 11-a),

The projected constitution of plants 4884, 4887B, 4890C-1 and
4890C~-2 was C Ds 8h Bz wx/C sh bz wx, Ac ac. These plunts were
crossed to plants that were ¢ sh Bz wx, ds ac in constitution.

Plants 4884B, 4887B, and 4890C-1 had the expected genic constitution

as shown in Table 38, Plant 4890C-2, however, had the constitution

I Sh Bz wx/C sh bz wx. No Ds locus was evident. Heterofertilization
could account for the discrepancy in kernel and plant phenotypes but

the absence of Ds events in the I Sh chronosome of the slant arising from
this kernel suggests that a Ds event occurred in the division of the
sperm that eliminated Ds from one chromatid (sperm fusing with egg) and
initiated the breakage-fusion-bridge cycle in the sister chromatid

(sperm entering the endosperm nucleus). The data from the three

plants, entered in Table 38, allow the position of Ds in these plants

to be calculated. Only the variegated kernels may be used to

calculate the crossower percentage between Ds and Sh. The value
is 4.5 percent. This is the value expected if Ds is very close to
the C locus. 1t is concluded that these three plants received a

chromosome 9 derived from a crossover between I and Ds that plxed

Ds close to the C locus.
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Plants 4890D-1 and D-2 were given the constitutions projected
in Scheme 1 (pzge 43): Normal chromosome 9 with C Ds Sh Bz wx/
Rearranged chromosome 9 with c sh Bi WX, AC 4aC, The projection for
plant 4882 was normal chromosome 9;%le “h Bz wx/rearranged chromosae 9
with ¢ Sh Bz wx, Ac ac. Lf each of these three plants were crossed
to plants homozygous for c¢ and sh and had no Ac, C to ¢ variegated
kernels should appear amzxgxikexkxxmEXx on the resulting ears.
Because of the presence of the rearranged chromosome 9 in these
three plants, the position of Ds in the homologous normal chromosome 9
could not be determined by crossover techniques. The presence of
a Ds locus in half of the C carrying kernels (those that have Ac)
is evident, however, in the crosses of these plants to plants
that were homozygous ¢ sh Wx, ds ac, Table 39. Plants 4882 and
4890D-1 wereAgiggsed to a plant homozygous for ¢ sh wx, ds ac.
The results of this test are those expecte, Tables 40 and 41,

None of the data in Tables 35 to 41 gives evidence that allows

a determination of the closeness of the Ds locus to the C locus,

Tables 9, 11a, 11-b, and 12-a, however, do show that this trans.osed
£ . Lo

t
1% #

‘Ds is located very close,to the

V}Alocus. From these tables, the

estimited crossing-over between 1 and Ds is approximately 0.5,

Ihe data in Table 34 project :-g‘_iﬁiﬁte of approximately 2 percent.

This value is much higher than the calculated values from the data in

any one of the other mentioned tables. However, several of the

six kernels showing a Y Bz =» C bz phenotype (projected crossovers)
LR IRV o RN oy b Ley L kit

in Table 34Am&&:hzxzziss$ The I locusqas the consequence of a Ds

event that removed the I locus from one or both sperm nuclei,

14 will be necessary to test the constitutions of the chronosomes 9

in plants arising fromkizggeoiernels in order to detcrmine the

reason for the¥e phenotypic expression of each. The combined data

o { proyvmar)
indicate, however, that Ds lies to the right of Iﬁgnd very close to it,



Table 2l-a

1 2
C sh bz wx, ds ac ¢ x Dup, I Ds Sh Bz Wx Wx Bz Sh Ds

Norm, C sh bz wx

Ac ae, ac ac &

4805B-19 4805B-25 4807-1 4807-8 |4803-23 4803-27 |4804-10 |
Kernel type L 0x x @ X x Foox X x ‘Totals
f 4876A~1 4876A-1 L4876A-5 4876A~3j4876ﬁ-4 4876A-4 [4876A-5
I sh ix 23 37 | 7 7 33 22 22 151
I Bz~-C Bz - C bz, Sh, ﬂx-wx‘ 111 102 23 28 50 34 82 430
I Sh wx 10 15 7 6 15 17 28 98
I B -C Bz - C bz, Sh wx 21 21 16 21 30 26 60 195
I bz - C bz, Sh wx 4 8 4 1 2 2 1 22
I sh wx not obv, var, 4 4 4 4? 6 3 4 29
I bz - C bz, sh wx 5 5 4 0 9 Vi 3 33
C Sh Bz Ws not obv, var. 15 13 4 7 20 9 13 81
¢ Bz - C bz, Sh, Wx-wx 26 37 4 14 17 15 19 132
C sh bz wx 201 149 éO 76 158 129 254 1027
Odds 1 C &h Bzwx O O 1CShBz1CsSh 1C¢CS&h Bz$2 C sh 6
wxX Bz wx WX bz Wx
(var.?)
Totals: 421 391 133 165 | 341 265 488 2204

TA6 Wyt 1UHO% my



Supplemenp,to table Z2l=-a
s

o 3 v

C ds Sh bz  wx

Non-crossovers:

3
Dup. I Ds Sh Bz Wx Wx Bz Sh Ds
~1
Norm, C ds sh bz wx Ac & ac
Region 1
Norm, I ds sh bz wx Ac & ac
.3
Dup. C Ds Sh Bz Wx Wx Bz Sh Ds
~1
Region 2
3
Norm, I Ds sh bz wx N
1
)
Dup. C ds Sh Bz Wx Wx Bz Sh Ds®
1
Region 3
3
Norm., I Ds Sh bz wx
1
s 3
Dup. C ds sh Bz Wx Wx Bz Sh Ds
"1
Region 4
3
Norm, I Ds Sh Bz wx -
1
B
Dup. C ds sh bz Wx Wx Sh Bz Ds
Tl

e e ¢ e e

Ac

ac

Ac

ac

Ac
ac
Ac

ac

Ac
ac
Ac

ac

Ac
ac
Ac

ac

L} L]
Q QO +H Q Q H H

]
Q Q H HH

I Ds Sh Bz W;_; WX Bz §PWPS? o

L]
Q

- C Bz - C bz Sh Wx-wx = 430
(with reg. 4 + doubles)
Sh wx "

sh

sh
Bz
Sh

bz
sh
Bz
Sh

bz
Sh
Bz
Sh

Bz
Sh
Bz
Sh

bz wx

WX
- C bz
Bz Wx

- C bz
WX

- C bz
Bz Wx

- C bz

- C bz
Bz Wx

- ¢ Bz
WX
- G bz

Bz dx

n "

Sh Wx-wx (bz
Wx-wx or

sh wx

Wx Wx-wx (bz

Sh wx

8h ix-wx (bz

- C bz Sh wx

Sh Wx-wx (bz

= 181
1027

areas
wx)

areas
wx)

areas
wx)

= 195

areas
wx)



Supplement to table 21-a (continued)

Region 5
L 3 Ac = I Bz - C Bz Sh Wx-wx
Norm I Ds Sh Bz #x —
"=~ 1 ac = I Sh Wx
3 Ac = C Bz - C bz Wh Wx-wx (bz areas
Dup. C ds sh bz wx Wx Bz Sh Ds WX )
-1 aec = C Sh Bz Wx
Double crossovers
Regions 2 + 3
Norm. C ds Sh Bz wx Ac + ac = C Sh Bz wx = 4
.3 Aec = 1 Bz - C bz Sh Wx-wx
Dup. I Ds sh bz Wx Wx Bz Sh Ds
™1 ac = I Sh Wx
Regions 4 + 5
Norm., C ds sh bz #x Ac + ac = C sh bz Nx = 2

3 Ac = I Bz - C bz Sh Wx-wx
Dup. I Ds Sh Bz wx Wx Sh Bz Ds
l ac = I Sh Wx



Supplement to table 21-a (continued)

Normal chromatids

Non-cross-over 1027 C sh bz wx

Regions 1 + 2 62 I shwx =TI to Sh

Regions 3 + 4 315 I Sh wx = Sh to Wx

Regions 2 + 3 = 4 C Sh Bz wx

Regions 4 + 5 2 C sh bz Wx

Totals 1410

% cross-overs region I to Sh = 4,6% (see Table 20 in Report
April, 1949 = 4.74)

% " " " Sh to Wx =22,48%

Conclusion:
Presence of Duplication does not interfere with the normal

amount of crossing over in the region between I and Wx of the

distal segment.

Ratio of 2, 3 and 4 from variegated kernels with I
Region 2 = 33 I bz - C bz sh wx
Region 3 = 22 I bz - C bz Sh wx

Region 4 = 195 I Bz - C Bz - C bz Sh wx

Ratios 1.5 ¢:1: 9



Table 21-b

C sh bz wx, ds ac ¢ x Dup. I Dsl Sh Bz Wx Wx Sh Ds® Ac ac g (main)
_ a and
Norm. G sh bz wx Ac&hc ac (tiller) ¢

Pollen from Pollen from

Kernel type main stalk tiller Totals
4806-7 4806-4
x x
4876A-2 4876A-2
I sh Wx (not obv. var,) 41 32 73
I1Bz -~ C Bz - C bz, Sh, Wx~-wx 42 50 02
I Sh wx 37 28 65
IBz =-C bz - C bz, Sh wx 39 42 81
I sh wx (not obv, var,) 12 | 7 19
I bz - C bz, sh wx 9 4 13
Ibz-C bz, Sh wx 4 3 - 7
C Sh Bz Wx 25 15 40
C Bz - C bz, Sh wx 31 29 60
C sh bz wx 184 105 289
Odds 1 CSh Bzwx 1C Sh Bz wx 3
1l C sh Bz wx
Totals 425 317 742

08 Wy V537 pry



Table 2l-c

¢ sh Bz wx, ds ac ¢ x Dup.

I Ds 3h Bz #x Wx Bz Sh Ds

Nor. C sh bz wx
Ac ac, Ac ac 4
4785-9 4785-15 |4786-75
Kernel type X X X Totals
4878A~1 4876A-1 | 4876A-4 |
I sh #x 20% 25% 23% | g
(no obv. wx spots)
I(-c), Sh,Wx-wx 37 61 45 143
I sh wx 14 10 10 34
I Sh wx 48 49 37 - 134
¢ Sh Wx 5 14 8 Y
C-c, Sh, Wx-wx 22 31 15 © 68
C sh wx 169 175 88 432
0dds 0 1 C Sh wx 0 : 1
non-var, !
- il
Totals 317 366 226 j 909
*  Some probably I Ds Ac but no losses to give wx during
dicentric formation
Summarys

(minus few WL (plus few

X; 308 Duplication : 601 normal ~ u~)

C,0., 4)

C.0, 4)



., Supplement to table 21-¢
e 3 Ac Ac Ac Ac
i Vo . 3, ,
I Ds Sh Bz Jx Wx Bz Sh Ds™ .
¢ ds sh bz - S
- - vk.AD_\&\
Non crossovers -
\ *).5 Ac = J-¢ Sh Wx-wx
Dup. I Ds Sh Bz Wx Wx Bz 3h Ds
1l ac = 8h Wx non-var.
Norm, C ds sh bz wx Ac & ac = C sh wx non-var, = 432
Region 1
Norm. I sh wx Ac & ac = T sh wx
»# 3 Ac = C=c Sh Wx-wx (c areas Wx=-wx
Dup. G Ds' Sh Bz Wx Wx Bz Sh Ds® or wx)
V1l ae = C Sh ¥x non-var.
Region 2
Norm, I Ds sh wx Ac & ac = 1 sh wx
é‘z Ac = C=¢ Sh Wx-wx (¢ areas wx)
Dup. C ds Sh Bz Wx Wx Bz Sh Ds
N1 ac = ¢ Sh ¥x non~var,.
Region 3
. 3 Ac = I(=c) Sh-sh wx (deficient
Norm, I Ds Sh wx ey classification)
. 1 ac = I Sh wx
3 Ac = C-¢c Sh Wx-wx (c areas wx)
Dup. ¢ ds sh dx Wx Sh Ds? .
~ 1 ac = C Sh ¥x non~-var,
Region 4
3 Ac = I(~c) Sh Wx-wx
Norm. I Ds Sh Wx
1l ac = I 8h Wix
3 Ac = C-¢c Sh Wx-wx (c areas wx)
Dup. C ds sh Wx Wx Sh Ds2
l ac
Regions 2 + 3
Norm, C Sh wx Ac & ac = € Sh wx non-var,
Normal chromatids: Non c.o. = 432 = C sh wx
Reg, 142 = 34 = I sh wx ¢.0, I to Sh = 5,8%
Reg, 3 = 134 = I Shwx " Sh to dx = 22.4%
Reg., 2+3 = 1l = C Sh wx 4
Total 601



Table 22

1l

Dup, I Ds™ Sh Bz Wx Wx Bz Sh Ds? ¢ X C sh bz wx, ds aec &

Norm, C sh bz wx

4876A-1 4876A-2 4876A-4 4876A-5

Kernel type x x X x Totals
4803=-27 4807-1 4804-11 4806-11
I Sh Wx 117 110 125 154 506
(58 are (52 I-C Bz-C bz)
I - C Bz=C bz)
I Sh wx 22 52 40 22 136
(8 I -C Bz- (16 I-C Bz -
C bz) C Bz Sh)
I sh wx 3 3 10 7 23
C Sh Bz Wx 32 49 71 29 181
(6 C Bz-C bz)
C sh bz Wx 0 0 0 0 0
C sh bz wx 139 128 172 183 622
Odds 0 0 0 0 0
Totals 313 342 418 395 1468

665 I ¢ 803 C 687 Wx = 781 wx 823 Sh : 645 sh



Supplement to Table 22

i L 3 4
"1 Voo { 2

o I Ds Sh Bz Wx Wx Bz Sh Ds

— Cds shbz = wx
-0

Non-crossovers

Dup. I Sh Bz #x Wx Bz Sh Ds = T Sh Wx

Nor, C ds sh bz wx = C sh bz wx
Region 1 (I to Sh)

Dup. C Sh Bz #x Wx Bz 5h Ds® = ¢ Sh Bz Wx

Nor. I sh bz wx = I sh wx
Region 2

Dup. C sh Bz Wx Wx Bz Sh Ds = C Sh Bz Wx

Nor. I Sh Bz wx = I Shwx
Region 3

Dup. C sh bz Wx Wx Bz Sh Ds = ¢ Sh Bz Wx

Nor. I Ds Sh Bz wx = T Sh wx
Region 4

Dup. C sh bz wx iix Bz Sh Ds = (C Sh Bz Wx

Nor. I Ds Sh Bz Wx = I Sh Wx

C.o. I toSh = 2,9%

C.0., Sh to Wx = 17,.5%

= 622

= 136



Table 23-a

*
- f.1.
C sh bz wx ds aec @ x DuPe C sh bz #x Wx Bz Sh Ds A;rgg 3
Norm., C sh bz wx :
4898-1

, 4808-19 4803-24

Kernel type X X Totals
4898-1 4898~-1
C Sh Bz #x not obv,.,var. 49 25 74
¢ Bz - C bz, Sh, #x-wx 68 40 108
C sh bz Wx not wvar, 13 5 18
C sh bz wx 284 145 429
Totals 414 215 629
c.o.
C sh bz 'ﬁx__k #x Bz Sh Ds O— -.
¢ sh bz wx _
o ]

Normal caromosomes 9

¥on-c.0. = 429

C.0. = 18 = 4,03%

Total = 447

¥ Qo fotus et Vop igw‘ﬂofbv wlely M:émd-b@d’urwd} ol ogn,
Wy (vyuen olisd ﬁ@mw&;uxu>~wr@ﬁgdgﬁ



Table 23=b

%
Dup. C sh bz Wx Wx Sh Bz Ds 92 x C sh bz wx, ds ac ¢

Norm. C sh bz wx

Ac Ac
Kernel type 4898-1 x 4803-27
C Sh Bz Wx* 139
C sh bz #x non-var, 2
C sh bz wx 120
Total 261

* Variegation class not recorded because of Ac Ac condition
in endosperm.

L O
B _Gshbz  WxY My . BzashDs
e ] — o
, 0.
Normal chromosomes 9°
Non-crossover = 120
C.0. = 2 = 1,63%

Total 122



Table 24-a

C sh bz wx, ds ac ¢ x Dup. C sh bz ¥x Wx Bz Sh Ds2

Ac Ae d
Norm, € sh bz wx

4898-3

4804-2 4804-18
X Totals

Kernel type x
4898-3 4898-3

C Sh Bz Wx 18 11 29
non-var,
C Bz - C bz, Sh, Wx-wx 78 81 159
C sh bz Wx 4 14 18
C sh bz wx 206 357 563
Totals 306 463 769
£.0
cshbz  wx¥ _ Wx Bz sh pe?
Tt we

Normal chromosomes q: T
Non-crossovers = 563
CeOa = 18 = 3.2%

Total 581



Table 24-=b

C sh bz Wx Wx Bz Sh Ds® ¢ x C sh bz wx, ds ac 4

C sh bz wx

Ac Ac
. 4898-3
Kernel type 4898-3 x 4803-38
C sh Bz Wx* 73
€ sh bz #x non-var, 3
C sh bz wx 63
Total 139

*

Variegation class not recorded because of Ac Ac consti-
tution of endosperm.
C.0.

‘L : -folo
C_sh bz Wx Wx Bz Sh Ds

Normal chromosomes g’ Fk\\\f‘-

Non-crossovers = 63
Coo_o = 3 ‘= 4.5%
Total 66



Table 25-a

&
Dup. C sh bz Wx Wx Bz Sh Ds 4Ac Ac ¢ x C sh bz wx, ds ac &

Norm, ¢ sh bz wx

4898-4
Kernel type 4898~-4 x 4804-14
C 3Sh Bz Wx 24
C sh bz Wx non-var. 0
C sh bz wx 12

Totals 36




Table 25-b

%
C sh bz wx, ds ac ¢ x Dup. C sh bz Wx Wx Bz Sh Ds

Norm., C sh bz wx AC Ac ¢
4898-4
Kernel type 4803-18 x 4898-4
C Sh Bz Wx not obv, var. 15
C Bz -~ C bz, Sh, Wx-wx 65
C sh bz Wx non-var., &
C sh bz wx 157
Totals 253
C.O.
C sh bz Wx v__ Vx Bz Sh Ds
C sh bz wx \\\\\\\\
N“%&\

Non-c¢.0. in normal cihr. class = 157
C.C. 6 = 3,6%

Total 163



Table 26-a

2 ot p f.lo
C sh bz wx, ds ac @ x Dup. C sh bz Wx Wx Bz Sh Ds AC Ac g

Norm., C Sh bz wx 4898-2

Kernel type 4801-37 4803-28 4805B-22 4880C-2

X X X X Totals
4898-2 4898-2 4898-2 4898-2
(tiller)
C Sh Bz Wx 145 125 154 88 512
(Ma jority obviously
var, C Bz - C bz, Wx-wx)
C Sh bz wx 143 126 121 150 540
Non~-ver,
C sh bz wx 67 68 75 64 274
C sh bz dx 2 3 2 3 10
Non=-var.
C Sh bz Wx 3 2 0 1l 6
Non-var,
Totals 360 324 352 306 1342

512 Bz : 830 bz



Non-cro
Dup.

Norm,

Region
Dup.

Norm.

Region
Dup.

Norm,

Regions
Dup.

Norm.

Gametes produced by 4898-2
1

Supplement to table 26-a

Y
C.sh bz ix Wx Bz Sh Ds
C Sh bz WX e
o
ssover:
C sh bz dx Wx Bz Sh Ds = G Bz - C szSh)Wx-wx
C Sh bz wx = C Sh bz wx
1
C Sh bz Wx Wx Bz Sh Ds = G Bz - C szSh3Wx-wx
C sh bz wx = § sh bz wx
2
C Sh bz wx #x Bz Sh Ds = 0 Bz - C bz)Sh)Wx-wx
C sh bz Wx = 0 sh bz Wx
1+ 2
C sh bz wx Wx Bz Sh Ds = 0 Bz - ( bz)Sh)Wx-wx
C Sh bz Wx = ¢ Sh bz Wx

Total

=

540

274

10

6

830

Cross-over percentages based upon the population of recovered

normal chromosomes:

C. o. Reg

Ke

*ion 1

C. 0. Region 2

C. 0. Regs., 1+2

rnels

Per cent
crossing-over

274+6 = 280 = 33,7%

10+6
6

16 = 1.9%
0.72%



Table 26«b

Dup. C sh bz Wx Wx Bz Sh Ds

Ac Ac 2 x C sh bz wx, ds ac &
Norm, C Sh bz wx

4898~-2

Kernel type 4898-2 x 4803-27

C sh Bz Wx 180
(Some obviously variegated)

C Sh bz wx 120
C sh bz Wx 3
C sh bz wx 38

Totals 341

Summary = 180 Bz 161 bz No selection against duplication

183 Wx : 158 wx chromosome '9
\ -3
. &
C sh bz Wx Wx Bz Spwpgm o
C Sk bz wx ~——
O
C.0. region 1 = normal chromosome -

with C sh bz wx = 38 = 11,1%
C.0. region 2 = genes- normal chromosome wWith C sh bz Wx = 3 = 0,88%



Table 26-¢

f.1l.

Norm, € Sh bz wx
4898-2

4790-21
X
4898-2

Kernel type

C Sh Wx with few small ¢ wx spots 38

C - ¢, Sh - sh, Wx-wx 89
(c areas wx)

C Sh wx non-variegated 83

C sh #x ’ 2
C sh wx non variegated 58
Totals 270

Summary = 210 Sh : 60 sh
129 Wx : 141 wx



Supplement to table 26-c

Wx Wx Sh Ds

FS

few late

Non-crossover chromatids
Dup, C sh Wx Wx Sh Ds, Ac -

Norm. C Sh wx, Ac =

‘Ce O, Reglon 1

Dup. C Sh Wx Wx Sh Ds, Ac -

Norm. C sh wx, Ac

C.0., Region 2

f.l.

Dup. C sh wx Wx Sh Ds yJAc=

Norm,., C sh Wx Ac -
Crossing-over percentages based

Total = 143

Cross-overs, Region 1 = 58 = 40,

" " " 2 = e = lo

\\x. -
C-¢ Sh Wx-wx
C Sh wx = 83
C-¢ Sh Wx-wx
C sh wx = 58
C-c Sh wx-wx
C sh Wx - 2

on normal chromosomes =

5
3%



Table 27-a

Dup. C sh bz Wx Wx Bz Sh Ds
Ac ac ¢ x C sh bz wx, ds ac &
Norm. C sh bz wx

48770~-7 4878D-2 4878D-5

Kernel type x x Totals
4807-1  4804-11 4804-11
¢ Sh Bz Wx 229 190 419 155
(not classif., for var,)
C sh bz Wx 2 2 4 0
€ sh bz wx 230 170 400 148

Totals 461 362 823 303




Table 27-b

C sh bz wx, ds ac ¢ x Dup. C sh bz Wx Wx Bz Sh Ds

Norm, C sh bz wx

Kernel type 48023'23
4877C=5
C Sh Bz Wx 57
not obviously var.
C Bz - C bz, Sh, Wx-wx 35
(bz areas wx)
C sh bz Wx 0
C sh bz wx 239

Totals

331

Ac ac

d



Table 27-¢

¢ sh Bz wx, ds ac ¢ x Dup, C sh bz Wx Wx Sh Bz Ds Ac ac

Norm., C sh bz wx

“4785-11 4785-86 47585-24 4969-11
Kernel type x x x x Totals

4877C-5 4877C=-5 4877C-6 48978D-6
C Sh Wx 51 67 92 57 267
non-var,
¢-6, Sh, Wx-wx 38 60 59 35 192
(¢ areas wx)
C sh Wx 3 4 8 0 15
non-var,
C sh wx 278 230 200 239 o047

Totals 370 361 359 331 1421




Table 27-4

Dup. C sh bz Wx Wx Bz Sh Ds

Ac ac, self-pollinated
Norm. C sh bz wx

Kernel type | 4877C-4 4878D-6 Totals

C Sh Bz Wx 351 362 713
(not classified for var.)

C sh bz Wx 6 4 10

C sh bz wx 206 185 391

Totals 563 551 1114




Table 28

Dup. C sh Bz Wx Wx Bz Sh Ds ¢ x C sh bz wx, ds ac ¢

Norm. C sh bz wx
AC ac

Kernel type 4878D~1 x 4804-11

C Sh Bz Wx 166
(not exam., for var.)

C sh bz wx 162
C sh Bz dx, non-var, 1 {cross-over, region 2)
C sh Bz wx, nom-var. 27 (eross-overs, region 1
Totals 356
®© ®

- ..C sh Bz WX

C sh bz wxr T

\\“-\
O
among C sh kernels = normal chromosome 9
lon-c.0., = 162
Reg. 1 = 27 = 14.,2%

Reg. 2 = 1l = 0.52%
Totals 190



I Ds 8h Bz wx
C sh bz wx

Table 29

Ac ac 2 x C sh bz wx, ds ac &

48774=1 4877A-6

Kernel type X X Totals
4807=1 4807-1

I sSh* 113 25 138
Not obviously wvar.
IBz~C Bz - C bz, Sh 87 17 104
I sh* 4 1 5
Not obviously var.
C sh Bz 4 1 5]
C sh Bz 0 1 1
C sh bz 220 35 255

Totals 428 80 508

* Probably includes some I bz ~ C bz var. but bz areas

not recognized in Ac Ac ac constitutions.



Table 30

C Sh Bz wx
¢ X C sh bz wx ds, Ac ac &

C sh bz wx
Kernel type 487;E—l 48;7E-2 Totals
4809-10 4809-10

C Sh Bz, non~-var, 217 193 410

C sh Bz, non-var, 12 S 17

C Sh bz 10 3 13

C sh bz 230 183 423
Totals 469 594 863

C.0. Sh to Bz = 3,47%



Table 31l-a

Plants from C Bz - C bz, Sh-sh, Wx-wx kernels of 4892 X C sh bz wx, ds ac &

4
Dup. C sh bz #x Wx Bz Sh Ds ac ac
Norm._C_sh bz wx

T
‘ 4892B-1 4892B-2 4892B-3 4892B-5 4892C-1 4892C=-3
Kernel type X X X X X X Totals
4804-2]1 4804-21 4804-21 4804-21 4804-7 4804-7

C Sh Bz dx 310 186 261 172 le8 128 1245
var, and non-var,
C sh bz Wx 4 2 4 1 0 1 12
C sh bz wx 334 205 253 132 216 117 1257

Totals 648 393 518 305 404 246 2514




Table 31-b

Dup, C sh bz Wx Wx Bz Sh Ds Ae ace &
Norm., C sh bz wx

C sh bz wx, ds ac ¢ x

4892 culture

4804-~7 4804-22 4801-30 4801-32 4804-28 4803-48 Totals Grand

Kernel type X x X x X x for totals
4892B-3 4892C-1 4892C-3 4892C-3 4892C-3 4892c-3 4892C-3 .

C Sh Bz Wx 26 64 34 47 40 29 150 240
Non-var,
C Bz - C bz, Sh-sh, Wx-wx 35 48 . 37 53 45 29 164 245
(bz areas wx)
C sh bz Wx 2 3 4 2 1 1 8 13
Non-var,

C sh bz wx 211 197 200 208 79 159 646 1054

Totals 274 310 275 310 165 218 968 1552




Table 3l-c

Dup. C sh bz Wx Wx Bz Sh Ds
Norm., C sh bz wx

¢ sh Bz wx, ds ac @ X AC ac &

Kernel type 4785-82 x 4892C-6
C Sh ¥Wx, non-var, 18
C-c, Sh-sh, Wx-wx 32

(¢ areas wx)

C sh #x, non-var. 1

C sh wx, non-var. 197

Total 248




Table 32=-a
Norm, C sh bz ¥Wx _
Norm, ¢ sh bz wx Self-pollinated
4893~-1 4893=-3
Kernel type anlfad sel fad Totals
C sh bz wx 35 31 66
Totals 164 121 085




Table 32-b

Norm. C sh bz Wx
2 x Csh bzwx J
Norm., C sh bz wx

Kernel type 48:2D
4803-30

C sh bz Wx 245

C sh bz wx 234

Totals 479

Table 32-¢

C shbzwx 9 x S shbzWx o

C sh bz wx
4901G-6
Kernel type x
4893-3
C sh bz Wx 124
C sh bz wx 138

Totals 262




Table 33-s

By,
C sh bz wx,ds ac ¢ x Dup. C sh hz Wx Wx Bz Sh Ds

Norm, ¢ sh Bz wx normal

Ac ac

4804-29
Kernel type X
4896
C Sh Bz Wx non=-var, 113
C Bz - C bz, Sh, Wx-wx 893
C sh Bz wx 195
C sh bz Wx non-var., ¢
C sh bz wx 38
Odds 0

Totals 439




Table 33-b

Dup. C sh bz Wx Wx Bz Sh Ds

2 X C sh bz wxlds ac
Norm. ¢ sh Bz wx (normal)

Kernel type 4896 x 4803-27
C Sh Bz Wx non-var, 195%*
C sh Bz wx 184
G sh bz #x non-var. 3"
C sh bz wx 17
0dds 0

* 42 were clearly C Bz - C bz Sh Wx-wx
+ 2 probably not cross-=overs but due to deficiency



Supplenent tq&table 33
1

v
C sh bz Wx Wx Bz Sh Ds

¢ sh Bz wx ds

Non~crossover gzametes

Ac

Dup. C sh bz Wx Wx Bz Sh Ds”
b \ ac
Norm, ¢ sh Bz wx ds Ac and ac
(normal) -
Region 1
Norm. C sh bz wx ds Ac and ac
, Ac
Dup. ¢ sh Bz Wx Wx Bz Sh Ds
Nace
Region 2
Norm. C sh bz Wx ds Ac and ac
s AC

Dup., ¢ sh Bz wx Wx Bz Sh Ds
Nac

———

@

I W

Fl kernel appearance

C Bz - C bz, Sh, Wx-wx dvssused

C Sh Bz Wx

a b
C sh Bz wx = 195 184
C sh bz wx = 38 17

*C Bz = C bz, 8h, Vx-wx

C 8h Bz Wx

C sh bz Wx = 0 1
prob,
C Bz - C bz, Sh, Wx-wx

C Sh Bz Wx



Table 34

C sh bz wx ds ac ¢ X I Ds Sh Bz wx Ac ac 4

C ds Sh bz Wx

4806-5 4880C-3 4806=-5
Kernel type X X x Totals
' 4883A~1 4883A-1 4883A-2
I wx ' 72 76 80 228
IBz-CBz-C bz, wx 44 58 80 182
¢ bz Wx ’ 139 178 173 490
I Wx 27 29 14 70
C Bz wx 9 11 4 24
C Bz - C bz, wx 1 3 2 6
I bz - C bz, Wx-wx 3 4 2 9
(bz areas Wx-wx)
I Bz ~C Bz - C bz,ix-wx 21 18 18 57
(bz areas Wx=-wx)
C Sh bz wx 48 60 40 148
Others 2 C Bz - 1 trens- 1 trans- 5

C bz,¥x-wx* posed De= posed Ds=
IShBzDs1lC Sh bz,
Wx-wx*

Totals 366 438 415 1219

* Probably from Ds mutation in div. to give sperm = loss of I
but not Bz.

C.0. I to Wx (excluding odds) = 25.8%



Supplement to Table 34

C sh bz wx ds ac ¢ x I Ds Sh Bz wx j¢ ac g
C ds Sh bz #x

1 2 3
I Ds Bz wx

C ds bz Wx
Non-crossovers

Ac = I Bz - C Bz - C bz, wx = 182

I Ds Bz wx <

ac = I wx = 228
C ds bz Wx Ac + ac = C bz Wx = 490
Region 1
I ds bz #x Ac + ac = I Wx

, Ac = C Bz - C bz, wx = 6*

C Ds Bz wx \

ac = C Bz wx

Region 2
Ac = I bz - C bz, Wx-wx = 9
I Ds bz Wx N
ac = I Wx

C ds Bz wx Ac + ac = C Bz wx

Region 3

o, Ac = I Bz -=C Bz - C bz, W#x-wx = 57
I Ds Bz Wx \

C ds bz wx Ac + ac = C Sh bz wx = 148

Reg., 1 + 3

Il ds bz wx Agc + ac = WX

AR = : bz, Wx-wx = 1
¢ Ds bz Wx { % vz,

I
C
ac = C bz Wx
Reg., 2 + 3
I

, Ac = bz - C bz, wx
I Ds bz wx

N ac = I wx

C ds Bz Wx Ac + ac = C Bz Wx = 0

* Several of these probably from germinal losses of I in an
I Ds Sh Bz wx chromosome,
Max. c.0. Reg. 1 = 2%




C sh bz wx ds ac @ x

Table 35

C Ds Sh Bz wx
Ac ac & (4883B)
C ds Sh bz Wx

or
C Ds Sh Bz wx

Ac ae & (4883C)
¢ ds Sh bz Wx

4804-13 4804-27 4801-1 4803-31 4806-2

Kernel type X x x x b4 Totals
4883B 4883B 4883C 4883C 4883C
C Bz Wx 12 25 16 14 17 84
Not obviously var,
C Bz - C bz, Wx-wx 15 18 25 13 186 87
(bz areas Wx-wx)
C Bz wx 61 70 81 56 50 318
Not obviously var,
C Bz - C bz, wx 60 S7 51 44 39 251
C bz, Wx non-var, 123 158 119 124 122 646
C bz, Wx-wx 4 3 S 4 5 21
C bz wx 33 52 29 22 29 165
Odds 0 C 2 C sh 0 0 2
Bz wx
Totals 308 383 328 277 278 1574

Summary (minus odds)

740 Bz : 832 bz
: 734 wx

838 Wx

Reduced numbers of Bz and wx due to:

Ds mutations in ¢ parent giving deficient chromosome 9



Supplement to table 35

Genetes of 48838 and C

1 2
Ds Bz&wx Ac ae
ds bz Wx
Gametes Kernel type
Ds Bz wx ~ A¢ = C Bz - C bz, wx = 251
\ ac = C Bz wx = 318
ds bz WNx Ac + ac = C bz Wx = 648
Region 1
_ Ae = C bz, Wx-wx* = 21
Ds bz Wx \
ac = C bz Wx
ds Bz wx Ac + ac = C Bz wx
Region 2
_ Ac = C Bz - C bz, Tx-wx*= 877
Ds Bz Wx \ !
ac = C Bz Wx = 84 % Total 336 = 21.3%
ds bz wx Ae + ac = C bz wx = 165
%

#x-wx from breakage-fusion-bridge cycles following a Ds mutation
giving a dicentric chromatid.

Crossing-over Ds to Bz = 5,2% Based on var, kernels
Bz to Wx = 21,3%% Non c.o. = 251
Ds to Wx = 26.5% Reg. 1 = 21 = 5,8
Reg., 2 = 87 = 24,2

Total 359



Table 36

¢ sh Bz wads agc % C Ds Sh Bz wx Ac ac &

€C ds Sh bz Wx

4785«21 4787=153
Xernel type x < Totals
48838 4883B
C Sh Wx non-var, 128 142 270
C-c, Sh-sh, #Wx-wx 20 18 38
(c areas ix-wx)
C Sh wx non-var. 88 Q7 185
C-c¢c Sh-sh wx 47 40 87
Odds 1 colorless Sh-sh, 1 ¢ sh wx 2
Wx-wx

Totals 284 298 582

308 d#x : 272 wx (minus odds). Reduction in wx class due to
Ds mutations in sporophyte of J eliminating the C Ds Sh Bz wx
chromosome because of deficiency formation.

30.4% crossing-over Ds to iix



Supplement to table 386

Gametes formed by 4883B

C Ds wx
iec ae
¢ ds dx
Non~crossover
, Ac = C-c, Wx = 87
C Ds wx N

ac = C wx

C ds dx Ac + sac C Wx

Crossovers
, Ac = C-c, dx-wx = 38 = 30.4% of variecated
C Ds Wx kKernels
N ac = C dx Crossing-over Ds to Wx

C ds wx Aec + ac = C wx



Table 37
c shwxdsac @ x CDsShwx .
C dS Sh WVVYX
4787-20 4786-74
Kernel tyoe X X Totals
4883C 4883C
tiller main stalk
C Sh Jx non-var, 15 25 40
C-c, Sh, Wx-wx IRS 11 29
(c areas .ix-wx)
C 3h wx non-var, 49 61 110
C-c, 3h wx 37 32 69
¢ 3h .Ix non-var, 77 111 188
¢ 3h wx 31 34 65
Totals 287 274 501

248 C : 253 ¢

.

257 ix : 244 wx

29.4% crossing-over Ds to iix



Non cross-0ve

7
C Ds wx \

¢ ds Vix Ac +
Region 1

C ds Wx Ac +

¢ Ds wx -~

Region 2
. 7
C Ds dx
\

¢c ds wx Ac +

Supplement to table 37

Gametes from 4883C C Ds wx

T
Ac
ac

ac

ac
Ac

ac

Ac
ac

ac

= C=C WX = g9
= C wWx = 110
= ¢ Wx = 188
= C Wx

= ¢, Sh-sh, wx (difficult to classify)

¢ Sh wx

C-c, Wx-wx = 29 = 29.4% of C-c kernels

C Wx about same as distance between
o C + Wx = 134 gametes in 501=
¢ Sh wx 24 ,7%



Case I

Table 38

C Ds 8Sh Bz wx Ac ac g

C ds sh bz wx

¢ sh Bz wx ds ac 2?2 X

4969-15 4785-23 4786-112 4785-8 4793-12
X X X X x Totals
Kernel type ,gg4 4884 4884 48878 4890C-1
C Sh 131 96 63 89 104 483
Cec, 3h-sh 86 85 96 80 102 449
C sh 207 197 141 192 174 911
C=c sh 1 7 4 5 4 21
l C~c Sh 1 colorless
Odds 0 transp. Ds Sh wx* 0 0 6
1 colorless Sh* 1 pec.
2 ¢ sh wx C=c def.
Totals 425 389 306 366 384 1870

449 C-c 8h : 21 C-c sh = 4,5% crossing over Ds to Sh

¥ Due to loss of C in spern from Ds mutation probably.



Table 39

¢ sh dx ¢ sh Wx or ¢ Sh wx
Re o gc ac @ x % O e 3
D Ae ac

¢ sh Wx Q.Ds 3h wx

4793-17 4793-13 4793-14 4792-6 4793=7

Eernel type
X x X X x Totals

4882 4890D-1 4890CD-1 4890D-2 4890D-2
C non-var. 60 a8 108 102 57 425
C-c, var, 65 88 94 92 85 404
c 131 181 189 202 139 852
0dds 0 0 0 1l ¢, Sh-sh, 1

Wx*
Totals 256 357 391 396 282 1682

* Probably from loss of C throuzh Ds mutation leaving Sh in
chromosome with broken end, Sh-sh due to breakage-fusion-
bridge cycle,



Table 40

c shwxdsaec ? X _c¢ sh x
Re &1 Ac ac &

L

C Ds Sh wx

Kernel type 4786-52 x 4882

C Sh wx non-var, , 80
C-c, Sh wx 63
C-c, sh, Wx=-wx 1
(¢ areas JWx-wx)

¢ sh Wx 177
¢ Sh wx 1
¢ sh wx 3

Totals 325




Table 41

¢ shwx dsac 2 x. Q—EngifEi

| st sins . om——

C Ds 3h wx

Ac ac &

Kernel type 4785-4 x 4890D-1
C Sh wx non-var. 35
C-c, 3h wx 32
¢ Sh wx 80

Totals 147




Transposed Ds 4628

Table 42
C sh bz wx ds a¢c ¢ Xx I Ds Sh Bz Wx Ac ac &

C ds sh bz wx

5402-9 5402-10 5402-12 5402-14 5402-17 5403-67 5401-68 5403-71 5401-1 5403-10
Kernel Type X x x x x X x X x X
5492-1 5492-1 5492-3 5492-3 5492-3 5492-5 5492-5 5492-5 5492-6 5492-6

I Sh ¥x 49 51 89 78 79 59 53 74 46 69
I-C Bz-C bz, Sh-sh 40 42 71 76 76 84 62 86 53 80
Wx-wx ,
%15 Bz 15 Bz 12 Bz 14 Bz 25 Bz 19 Bz 29 Bz 19 Bz 17 Bz
I Sh wx ) 15 20 14 21 15 34 20 42 28 29
I-C Bz-C bz~Sh wx 13 17 12 14 16 27 30 36 29 23
I bz-C bz Sh wx 1 0 1 6 1 3 1 2 1l 0
I sh wx 4 2 4 10 7 5 6 11 4 9
I bz~C bz .sh wx 7 1 4 2 5 9 5] 7 5] 2
C Sh Bz Wx 2 8 6 16 9 17 14 14 12 14
C Bz-C bz:Sh Tx-wx 0 2 2 0 2 2 0 1 1 2
C sh Bz Wx 3 4 6 6 8 7 7 6 5 13
¢ sh bz Wx 27 25 37 43 47 84 75 69 47 75
C sh bz wx 85 71 132 116 166 147 126 145 97 156
C Sh Bz wx 1 1 ¢] 1l 1 2 3 0 0 o]
Odds 0 1¢ sh 0 1C sh 1 1IshlCBz-Cbz 0O 2Ish 1CSh
Bz wx Bz wx Wx Sh, wx wx bz dx
11I shWx 171 sh

1 C sh Bz wx Wx




5400-20 5400-23 5400-50 5403-15 5404B-25

x x x x x Totals
5494A-]1 5494A-1 5494A-2 5494A-2 5494A-2
56 85 36 .48 59 931
49 76 61 . 85 76 1017
18 B2 21 Bz 14 Bz 5 Bz
16 24 22 15 6 321
18 19 24 17 17 312
2 2 3 1 2 26
3 4 2 2 4 77
2 3 7 4 3 67
4 3 6 1 11 137
o 1 0 1 0 14
5 2 2 4 S 83
24 60 47 34 44 | 738
101 158 138 96 141 1875
1 0 1 0 1 12

IshwWwx2IshW 1l1Ibdvz- 0O 2 I sh #x C sh Bz w: .
C Sh bz C bz (1 var.) I sh W#x
wXx sh Wx-wx

2
1l




¢ sh Bz wx, ds ac 2 X

Table 43

I Ds Sh Bz Wx

Transposed Ds 4628

C ds sh bz wx Ac ac d
Kernel Type 539?-68 559§-15 53§5-9 559§-25 559i-45 5332-57 5535-3 539?-36 539i-55 Totals
5492-] 5492-3 5492-5 5492-5 5492-6 5494A (1) 5494A(2) 5494A-2 5494A-2
Colorless Sh Wx 8z 70 55 49 54 53 22 55 70 510
Colorless Sh, Wx-wx 80 67 54 51 42 51 29 85 8l 540
Colorless Sh wx 53 31 49 41 47 47 6 48 32 354
Colorless sh wx 7 9 9 11 17 6 1 7 5 78
C sSh Wx 11 7 18 14 11 8 3 7 2 81
C-c,Sh.Wx-wx 0 1 4 ] 1 0 0 1 0 7
{c areas Wx-wx)
C sh ¥x, non-var, 54 42 80 65 52 40 10 59 53 455
C sh wx, non-var, 143 122 96 110 120 112 46 105 153 1007
Colorless sh Wx 0 0 1l 0 0 0 0 2 3
Colorless sh Wix-wx 2 1 0 0 0 1 0 0 4
0dds 0 0 © 1lcshwx o plredham 0 0 2
of C
Totals 432 350 366 342 344 319 117 367 398 3035




Supplement
(1)(2)(3)
I DsJéthx
C ds sh wx
Non-crossovers
.- AC

IDs ShWx 7

T
i

C ds sh wx, Ac and ac

to table 43

colorless Sh-sh, Wx-wx 540
colorless Sh Wx 510
C sh wx, non-var, 1007

Region 1
I sh wx, Ac and ac

Ac

C Ds S8Sh Wx ::j

—  ae

colorless sh wx

N

C=c, Sh Wx-wx (c\érgas Wx-wx) 7

C Sh Wx, non-var,

~.

Reglon 2

I Ds sh wx, Ac and ac

C ds Sh Wx Ac and ad

colorless sh wx B £

C Sh Wx, non-vaT. 81

Region 3

I Ds 8h wx Ac and ac

C ds sh Wx Ac and ac

colorless Sh wx (Ac = Sh-sh var.,)

C sh #Wx, non-var.

354

455

Crossing over, regions 1 + 2 = 160 = 5,2%

" " region 1 = 7x4 = 28 = 0,99

" " region 1, C class = 14

" " region 2, C class = 75



